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MSE ‘SUPER-SPEED 40' CENTRIFUGE 
qua” 


\ . * 40,000 r.p.m. maximum speed 


A sx Fully automatic electronically controlled operation 
} 


*k Unique safety features include foolproof ‘ overspeed" control 
AG Built-in vacuum and refrigeration units 


« Extensive range of angle and swing-out rotors 


MEASURING & SCIENTIFIC EQUIPMENT LIMITED 
GD 608 Spenser Street, London, S.W.! Telephone: ViCtoria 5426 ~ 
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The ‘Reciprotor’ is an 
extremely robust twin- 
piston pump specially 
designed for combined 


vacuum pressure duties 
and is operated by a 
system of permanent mag- 
nets. Completely enclosed 
and mounted on a special 
rubber base which effec- 
tively dampens vibrations, 
this pump is virtually 
noiseless, extremely light 
in weight and, because 


it requires no lubricants, 
delivers absolutely oil- 
free air. 


Pressure lb./sq.in. Vacuum in He 


PRICE £25 Os. Od. 
22 1.77 


QUICK DELIVERY | 606 G | 10.7 | ” 


Sole United Kingdom and British Commonweaith Agents 


SERVICE 


ANYWHERE IN THE WORLD 


A . - From the world’s most complete inventory of quality 
r 
ae biochemicals, N.B.Co. offers the speediest delivery any- 
- where in the world at economical prices. 


\ Gs Ne NUTRITIONAL BIOCHEMICALS CORPORATION 


21010 MILES AVENUE CLEVELAND 28, OHIO 


| Send for our free February, 196! 

| Catalog containing more than 2600 l 

| items. Fill out coupon and mail to- l 

day for your copy. ! 
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Organization 
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CAT No. 1200! 
Argon 
Chromatograph 


INTEGRATING 
AMPLIFIER 


LIQUID INJECTION SYSTEMS 


COLUMN ADAPTERS 20ft., 50 ft. 


GAS SAMPLING 
VALVES 


Granta Works, P.0. Box 60, Cambridge, England. 


Tel.: Cambridge 58866 (5 lines) 
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E for Chromatography 


Sull the  acknow- 
ledged leader in its 
field, the Pye Argon 


Chromatograph has 
achieved an excellent 
reputation in a very 
wide range of applica- 
from 


tions routine 


analysis to funda- 
mental research. An 
ever-increasing num- 


ber of 
appearing in import- 


papers 1s 


ant international 


journals describing 
work carried out by 
eminent workers who 
use this instrumentas ” 


their basic research 


tool. 


Designed specifically for the Pye 
Argon Chromatograph, but also 
suitable for other systems, this 
highly accurate integrator 
measures peak areas automatic- 
ally. It has no moving parts and 
its output feeds direct into a 
standard recorder. 


These illustrations can only serve 
to indicate the very comprehen- 
Sive range of accessories now 
available for workers with more 
specialised applications. Each of 
these has been carefully designed 
so that it will fit quickly and 
simply to any one of the hun- 
dreds of Pye Argon Chromato- 
graphs now in use throughout 
the world 


ill 


12001 


NEW 


FEATURES 


* Highly accurate 
continuously vari- 
able temperature 
control. 

* High stability elec- 
tronic circuitry. 

Redesigned case 
and fitments for 
greater flexibility. 


These features, to- 
gether with the excel- 
lent record of reli- 
ability, ease of oper- 
ation and high per- 
formance make it even 
more necessary to 
specify the Pye Argon 


Retaining the lead in ultra- 
sensitive gas chromato- 
graphy, Pye has several 
important new projects 
under development. Al- 
ready Pye Industrial Pro- 
cess Analysers, based on 
the Argon Chromatograph, 
are “on stream”, serving 
Britain’s chemical industry 


W. G. PYE & CO. LTD. SCIENTIFIc(}) 


Telegrams: Pye, Cambridge 
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Instrumentally 
Speaking 


Wherever electricity is used in industry, 
there is a need for electrical measuring instruments. Pheno- 
menal development in recent years has produced a need 
for such a multiplicity of instruments of different kinds 
that there is a prevailing tendency towards the slowing down of 
maintenance and laboratory work through having too many 
instruments in use. Incidentally, too much test gear also 
means too much expense. The answer to such problems is 
provided by ““Avo’’ MULTI-RANGE instruments. 


The Model 8 Universal Avo- 
Meter is a multi-range electrical 
testing instrument giving a wide 


range of readings of A.C. and 
DC. Current, A.C. and D.C 
Voltage Resistance, and 


Decibels on a 5-inch hand cah 
brated scale 


The instrument has a sensitivity 
of 20.000 ohms per volt and 
meets the accuracy requirements 
of British Standard Specification 
89/1954 for industrial portable 


instruments. I¢ is compact and 
robust, simple to operate. and is 
protected by an automatic cut- 
out against damavre through 


inadvertent electrical overload 


Various external accessories are 
available for extending the wide 
ranges of measurement 


Write for FREE copy of the 
latest catalogue of 
instruments. 
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MODEL 7 UNIVERSAL AVOMETER 
MODEL 8 UNIVERSAL AVOMETER 
MODEL 40 UNIVERSAL AVOMETER 
HEAVY DUTY AVOMETER 
“AVO" ELECTRONIC TESTMETER 
“AVO" ELECTRONIC TEST UNIT 
“AVO" SIGNAL GENERATORS 
VALVE CHARACTERISTIC METER 
“AVO" TRANSISTOR ANALYSER 
THE MULTIMINOR 


Sole Proprietors and Manufacturers 


AXYO 


Avocet House, 92-96 Vauxhal! Bridge Road, London, 8.W.1 
Victoria 3404 (/2 Lines) 


2 7 A MEMBER OF THE METAL INDUSTRIES GROUP OF COMPANIES 


ENDECOTTS 


TEST SIEVES 
For Accuracy! 


SHAKER 


“ENDROCK’ 
TEST SIEVE 
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POCKET ; 
INTERCHANGER # 
SIEVES 


TEST SIEVES 
B.S. 410: 43 U.S. Standards 
and Tyler Equivalents 


We operate a Recovering Service 


Consistent mechanical action 


saves valuable time of skilled personnel 


ENDECOTTS (FILTERS) LTD. Phone: LIBerty 8121/2/3 
Dept. Lombard Rd., London, $.W.19.  Groms Endfilt, London 


1961 


1962 


Sept. 


he ra ay or 


FORTHCOMING 
GENERAL DISCUSSIONS 


Sept. 5-7 


April 10-12 


17-19 


Structure and Properties of Ionic 
Melts. 
University of Liverpool. 


Collision Processes in Polyatomic 
Gases (Elementary Processes in 
Gas Kinetics). 

University of Cambridge. 

Nuclear Magnetic Resonance. 
University of Oxford. 


Further particulars will be issued in due course. 


6 Gray’s Inn Square, London, W.C.2 
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Small Air Compressors 
Vacuum & Liquid Pumps 


For Scientific Purposes 


The MU 19 60 Double-ended Air Compressor, 
illustrated here, may be used in 
parallel, series or independently. 

Pressure 0-50 P.S.I. 

Vacuum 0-28” of Mercury 

F.A.D. 0-92 C.F.H. Oil Free 


For further inforniation please write to : 


CHARLES AUSTEN PUMPS LTD 


Petersham Works, High Road, Byfleet, Surrey. 
Telephone: BYFLEET 43224 


Meathway 
Glass Working Lathes 


are known throughout 
the world 


© 5 types available 


@ May we send you 


leaflets ? 


The new universal model in 
its vertical position 


HEATHWAY MACHINERY CO.LTD. 
UXBRIDGE ROAD, HILLINGDON, MIDDLESEX 
TELEPHONE: Uxerinoce 6345 


Agents in the U.S.A. and France 
Richoux Co. Inc., 1133 Broadway, New York 10, N.Y. 
Ets. L. Richoux, 22 Cité Trévise, Paris 9 
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Versatile 
and 
Consistent 


Aerox Porous Ceramics, with 
outstandingly uniform pore density, serve 
industry in a thousand ways: 

As FILTERS for compressed air or gas to 
eliminate solid particles and liquid droplets ; 
Sterilization ; cleaning of exit gases; recovery 
of valuable solids from liquors, etc., etc. 

As DIFFUSERS for effluent treatment; gas 
absorption ; flotation processes, etc., etc. 


As DIAPHRAGMS for electrolytic processes. 
As a POROUS BASE for fluidised discharging, 


conveying and fluid bed reaction processes. 


CAN YOU SUGGEST THE 1,001st ? 


Leaders in a Specialised Field 


Ceramic Works, Hillington, Glasgow, S.W.2 


Telephone: Halfway 4615/6 
AEROX LIMITED Engineering Works, Chalford, Stroud, Glos 
Telephone: Briscombe 3085/6 
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unique two wire 
ElectriK Tel-O-Set 
systems for 
all processes... 
without field 
power Supply... 
without shielded cables 


TRANSMITTER VALVE OPERATOR 


1evwell development offers 
try the benefits of 


tor 
niature 


ystems use 


pair o! 


long 


WRITE OR SEND THE COUPON TODAY to 
Honeywell Controls Limited, 
Greenford, Middlesex. Waxlow 2333 


Honeywell 
Fiat Wu Coitel Sales Offices in the principal towns and 


in the United Kingdom and throughout the world. 


mere | SINCE 1665 
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virtually every indu RESET Rare iy 
automatic process control using mi 
4-20 milliamps D.C. transmi nals i 
wires that also carry the 42 volt D.C. supply. 
Among the many advantages are ‘ ee 
* two-wire link between field mounted devices . a 
; and control room saves installation time 
* elimination of external power at field mounted eieetienedione|ieeetiticesttentietiamtieetntemtietiemtiemsieastte | ‘ 
transmitter reduce nitial capital outlay | | > 
* D.C. transn ion eliminates shielding | a 
Fully integrated ElectriK Tel-O-Set systems can | | 7 
be constructed si lv ti 1a wide ra f units I am interested in using ElectriK Tel-O-Set Systems | 
to perform an p! ess ntr funct i | for as 
up to three-mod ntz rhey represent | | 
the greatest advance yet in industrial | Please send me Specification Sheets | oes 
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UNICAN 


SP 100 
Infrared Spectrophotometer 


ts the complete answer to the most exacting demands of present day analysis 


.. Or it could well have been 
Basle, Capetown, Manchester, 
Melbourne, Uppsala or Trail 
B.C. 

In Universities and Industrial 
Research Laboratories the 
world over the SP100 Infrared 
Vacuum Spectrophotometer 
is providing a combination of 
high resolution,extreme quan- 
titative accuracy, speed and 
reliability otherwise unobtain- 
able in one instrument. 
Write for the comprehensive 
brochure giving full details of 
this remarkable, versatile and 
powerful spectroscopic tool. 


UNICAM INSTRUMENTS LIMITED . ARBURY WORKS -. CAMBRIDGE . ENGLAND 


(U.201) 
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NEW from 


ADDISON-WESLEY 


TRANSISTOR CIRCUIT ANALYSIS 
by M. V. JOYCE and K. K. CLARKE, 
Polytechnic Inst. of Brooklyn 


Presents the basic methods of analysis involved in the 
understanding and design of junction transistor 
circuitry, limiting the transistor models employed to 
easily-interrelated ones 

466 pp., 36) illus 


LINEAR GRAPHS AND 
ELECTRICAL NETWORKS 


by S. SESHU, Syracuse Univ., and 
M. B. REED, Michigan State Univ 


a few 


1961—S8I shillines 


Provides an introduction to the theory of linear 
graphs, and demonstrates the power of these methods 
in solving network problems. Shows applications to 
network theory, switching theory, communication net- 
works, signal flow graphs, and logic 
300 pp., 134 illus., 1961 


BOOLEAN ALGEBRA 
AND ITS APPLICATIONS 


by E. J. WHITESITT, Montana State College 


74 shillings 


An introductory treatment of Boolean algebra, de- 
signed for the reader with a limited formal mathe- 
matical background. Includes important applications 
to algebra of sets, symbolic logic, and circuits. 

182 pp., 196 illus., 1961-—SI shillings 


PRINCIPLES OF FEEDBACK CONTROL 
by C. H. WILTS, California Inst. of Technology 


A clear, rigorous treatment of the analytical methods 
used in the design of feedback systems. Presents a 
carefully balanced choice of methods and viewpoints, 
with the frequency-response and root-locus points of 
view employed in alternate solutions. 


271 pp., 147 illus., 1960—66 shillings 


ADDISON-WESLEY 
PUBLISHING COMPANY, Inc. 


10 15 Chitty St., London, W. | 
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Established in 1820 


THE ADVANCED 
THEORY OF 
STATISTICS 


DISTRIBUTION 
VOL THEORY 


M. G. Kendall, M.A., Sc.D., Pres.R.S.S. 
Alan Stuart, B.Sc.(Econ.) 


Frequency-distributions — Measures of location 
and dispersion—Moments and cumulants— 
Characteristic functions—Standard  distri- 
butions—The calculus of probabilities—Proba- 
bility and statistical inference — Random 
sampling—Standard errors—Exact sampling 
distributions — Approximations to sampling 
distributions — Order-statistics — The rmvulti- 
variate normal distribution and quadratic 
forms—Distributions associated with the nor- 
mal—Appendix tables—References—Exercises 
—Index. 

10 in. Price 84s. net 


433 pages. 7 in. 


“Professor Kendall has placed all statisticians h 
debt the next two volumes in this series will be 
awaited with interest.”"—D. J. Finney, F.R.S.in “Nature 


DRURY LANE 


LONDON 


PRECISION INSTRUMENTS 


Fabry-Perot 
Interferometer 


Although of very simple design, this instrument is suitable for 
much of the work usually carried out by more elaborate and 
costly apparatus, and reads directly to |/250 mm. It can be 
supplied with an attachment to convert to a Michelson inter- 
ferometer, thus giving a dua! purpose instrument 


Price Complete £200 

Attachment for converting instrument into Michelson 
Interferometer, extra £50 

Polished wooden case, extra ais 


Bellingham & Stanley Ltd. 


OEPT. N, 7i HORNSEY RISE, LONDON, N.I9 
PHONE: ARCHWAY 2270 
Sole Distributors in U.K. for Schott Monochromatic Interference Filters 
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SCIENCE IN WEST AFRICA 


\frican 


ria of the West 


first meetin in Nige 
held ih 


Science Assocation was Thadan cdurmg 
December 16-21. 

The West African Science Association is forme d by 
the Science Associations of Ghana, Nigeria and Sierra 
Leone, membership being open to any other scientific 


We st 


territories 


worker im other 
\frica the 
Its purpose is to provide a forum for discussion, by 


country or territory m 


including French-speaking 


scientists from all parts, of their common problems 
and to ¢ mphasize to publie and Governinents alike 


the fundamental importance of seience and tech 


nology in the development of these 


areas 


Th S had an onal cance for if 


conference 


held, 


was the first major internat;onal scientifle 
Niveria. It 


much of the 


to be held in’ independent Wis 


fortunately, at a time when 


exuberance of political liberation had died down and 
it Was possible to assess the problems ahead in a 


relatively sober atmosphere. This is moportant, tor 


there is a real danger of complacency, a tendency 


to confuse the terms ‘freedom’ and “prosperity not 


surprising, perhaps, when one sees the amazing 


transformation in Lagos. the modern buildings, the 


hotels, the new roads 


African 


State with a seat inthe United Nations Organization is 


The generation of a potentially powerful 


no small thing. Perhaps under different conditions the 
little 


of an independent Nigeria ; 


nations would be dist irhed by the emergence 


but with a world divided 


into separate and mutually distrustful camps the 


result is a great deal of outside interest arising not 


from any deep-seated and humanitarian concern. 
nor from the prospects of great financial reward, but 
from 


for purely political considerations. Capital 


outside is available for many purposes ; but it is a 


capital investment based not on sound economi: 
principles but on political expediency. 
These points are made merely to emphasize that 


Nigeria and Ghana—-to mention the two territories 
with which we are more concerned in this context 
are passing through a ‘honeymoon’ period. It is now, 
or possibly never, that they must take thei chance 
Capital must be spent wisely if wise development. is 
to occur. Capital wasted now will, in the future, be 
raerely & monument to an opportunity lost. 

It may seem surprising that a meeting of scientists 
In fact, the 
But it was obviously the 
the 


took place, for the West African scientist is acutely 


should concern itself with such matters. 
meeting as such did not 
much of discuss’ on 


background against which 


concerned with the direction of future development, 
and a meeting such as this gives the best possible 
picture of the problems. 

To one observer, at least, from all the papers and 
discussions emerged the impression that of all West 


Africa's problems none wits ent than the 
health It. is 
apparently happy, cheerful community, to forget the 
that half 


even 


Hnatter of and teeding easy, im this 


realities behound It iS CasV to torget 


the children born never live to adult life, that 
among the adult 
dreadful toll. This would not be quite so bad if we 


did not already know enough to reduce these figures 


population, disease extracts 4 


But all major health schemes are expen 
the West Africa 
simply cannot afford to keep its children alive. Even 
Thev 


one ot 


drastically 


sive, and fact must be faced that 


so, merely to keep children alive is not enough 
Nige rin, though if 1s 


populated parts of the whole con 


must be fed properly 
the most densel 
tinent, is still a territory with vast, under pop lated, 
Lt is theoretically capable 


Th 


Africa are ina simular state 


undeveloped tracts of land 
of maintaming a very much higher population 
other territories of West 
& great pote ntial of food given Over at present to the 
tsetse fly and ineredibly imetticient farming methods 
The development problems implied in all this are, 


sided. There are 


problems as well as techngloyical problems 


of course, many econoniuc and social 
and, of 
course, educational problems are a vital part of the 
picture But this 


with the technolog. cal 


concerned 
the 
One gamed an 

On the 


what 


whole meeting Was 


primarily neluding 


medical—problems involved 


sion of advancing knowledge on all fronts 


medical side it was made abundantly clear 


modern knowledge 


Oh the 


properly apphed could achieve 
agricultural side there was an impression of 


The 


but it is clearly in retreat 


slow advance tsetse fly as still unconquered, 
For the rest, it is @ matter 
now. not so much of more research, as of funds to 
apply what is already known, and to pay the tech 
nologists and scientists who will be needed. 


For a 


it needs far more than free 


Development is admittedly a total thing 
nation really to emerge 
dom. It needs schools, universities, ciiies—but above 
all it needs a reasonable expectation of life for its 
inhabitants and food to feed them. There is a most 
urgent need for the limited capital available to be 
Office blocks and handsome government 
they their 


many of 


well spent. 


buildings are no solution ; have value. 
but that 


testimony to the validity of Perkinson’s law 


one suspects them are merely 
and 
these territories cannot afford Parkinson's law. 

The suggestion was made—and endorsed enthusi 
astically—that a Scientifie and Economic Advisory 
Council be set up as a matter of urgency, the task of 
which would be to advise the Government on the 
problems of development and how best to use the 
amount of money available. This would be a start- 
but even more necessary is a radical reappraisal of 
values: the vital role of science and technoloyy is still 


not appreciated. The economic and social status of 


ie) 
a5: 
‘ 
| 
| 
4 
<< 
4 
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lags far behund that of many 


and the lot of 


pre 


still 


fossions the science teacher, that 


most critical member of any modern community, is 
pitiful. (These remarks probably apply equally to 
Europe, evento America, but these countries are grown 
up and are at liberty to commit technological suicide 
if they wish.) To Africa, technological advance is not 
just a matter of keeping ahead of, or level with, or 
eatching up with other countries—it is a matter of 
survival, not in some hypothetical future war but 
now. 

The meeting which prompted these musings mace 
it abundantly clear that scientific workers in West 
Africa are fully aware of all that has been said. They 
feal deeply their responsibilities to the future develop- 
But they are also acutely 

Scientists, technologists, 


ment of these territories. 
aware of the difficulties. 
science teachers are pitifully few in mumber and, 


relative to other professions, underpaid. ‘There is far 
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too little money forthcoming for the vitally muportan: 
land development schemes which have been mooted, 
cam 


for the damming of rivers, for the intensive 


paigns against the tsetse fly, for all the other necessary 


adjuncts to land development There are the 
competing claims of industrialization But this 
apart, a great deal of what is available would 


seem to be diverted at present into non-essential 


projects. 
In Nigeria, at 
begun to face up to its wider responsibilities. 


\ssociation has 
It is 
not just a forum for the holding of yet another con 
ference. It has a vital task in the education of the 
yveneral publie and of the Government. It is probably 


least, the Science 


the only body in Nigeria with the machinery to drive 
home the basic fact that economic progress depends 
on technological progress. It has begun its task with 
vigour, but whether or not it will succeed in instilling 
the necessary sense of urgency remains to be seen 


UTILIZATION OF NITRATE BY MICRO-ORGANISMS 


By Dr. C. A. FEWSON and Dr. D. J. D. NICHOLAS* 


Department of Chemical Microbiology, Long Ashton Research Station, 
University of Bristol 


various physiological and 
of the assimilation and 
micro-organisms and 


NIENSIVE work on 

biochemical aspects 
dissinilation of nitrate by 
higher plants has been undertaken in many labora- 
We now present a synthesis of the results 
in an attempt to clarify the present position im 
regard to the mechanism of the utilization of nitrate 


tories 


by micro-organisms 

Many micro-organisms and higher plants utilize 
nitrate-nitrogen, and the overall process whereby 
nitrate is reduced to ammonia with the subsequent 
formation of amino-acids, protein and other nitro 
venous cell constituents is known as ‘nitrate assim 
Under certain conditions, however, several 
icro-organisms can nitrate or some of its 
reduction products as terminal hydrogen acceptors 
This process has been called 
‘dissunilatory nitrate 
similar process has 


lation’. 


im place of 
nitrate respiration’ by Sato! or 
reduction’ by Verhoeven?. A 
been deseribed in higher planis*. 

Many classifications have been proposed for the 
reduction, but none has 
five 


oxygen. 


various types of nitrate 

entirely satisfactory. 
categories according to the products of the reaction, 
whereas Verhoeven?’ differentiated between three 
types of nitrate reduction as follows: (1) assimilation, 


in whieh nitrate is reduced only for the building up 


Jensen* suggested 


hear 


of eell materials; (2) ineidental dissimilation, in 
which nitrate acta as a non-essential hydrogen 


weeptor ; (3) true dissimilation, in which nitrate 


vets. at least under certain conditions, as the essential 
hydrogen acceptor which enables the organism to 
grow. The separation of incidental and true nitrate 


* Member of the scientific staff of the Agricultural Research Council 


wnded to the University of Bristol 


dissumilation does not seem to be of great value and 
has only a_ teleological significance. Organisms 
which can carry out incidental dissimilation are 
those that have a fermentative respiration when 
both oxygen and nitrate are limiting factors. ‘Thus, 
Verhoeven*® showed that his strain of Hecherichia 
coli produced large amounts of lactic and succinic 
acids under anaerobic conditions, but in the presence 
of either nitrate or oxygen complete oxidation to 
carbon dioxide occurred. Japanese workers*.? have 
nitrate-reducing the basis 


classified organisms on 


of the behaviour of their cytochromes towards 
nitrate. This is not now satisfactory since in Neuro 
spora crassa and Escherichia coli an iron system 


appears to be required for the dissimilatory nitrate 


reductase but not for the assimilatory enzyme. 
We propose that nitrate reduction may be best 
considered under two headings: (1) nitrate 


assimilation, im which the end products are nitro 
genous cell constituents; (2) nitrate respiration or 
nitrate dissimilation, in which nitrate is used instead 
of oxygen, usually under anaerobic conditions, as 
the terminal hydrogen Denitrification 
may be regarded as a special case of nitrate respira 
tion and is defined as the production of nitrogen 
gas or the oxides of nitrogen by the reduction of 
nitrate, nitrite or any other suitable intermediate 


acceptor 


Suggested Intermediates 


Some of the compounds which are of interest in 
the intermediary metabolism of nitrate are shown 
in Table 1. Gayon and Dupetit* presented equations 
for the overall process of denitrification, but recog- 
nized only nitrite as an intermediate. Franzen and 


$n 
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Table 1, SUGGESTED INTERMEDIATES IN NITKATE REvtUC TION 


UOxidation- 
reduction 
state of 

nitrogen atom 


NO, 
NO, 
NO, 


NO Nitric oxide 
N,0, Nitrohydroxylamat 


(NOH Nitroxy! 

N,O Nitrous oxide 

N,O, Hyponitrite 

NO. NH, Nitramide or imido nitric acid 
Dihydroxyammonia 


Nitros 
Nitrite 


N, Nitrogen 
| Dihydroxy! hydrazine 


NH,OH Hydre 
H,N.NU, 


xylamine 
vdrazir 


Armonia 


Lohmann® and Beijerinck and Minkmann!® compiled 
comprehensive lists of possible products of nitrate 
reduction, but Kluyver and Donker! were the first 
to draw up a scheme for the stepwise reduction of 
nitrate to nitrous and nitrogen gas Since 
then, many pathways have been suggested, based 
on the assumption that reduction proceeds via a 
number of two-electron steps. The Delft school?,’,* 
have been particularly active in this field and have 
presented schemes involving complex molecular 
re-orientation at the hyponitrite-level of oxidation. 
Nicholas! suggested that nitrate assimilation pro- 
eeeds according to the following pathway : 


oxide 


NO, NO, » NH,OH —-+ NH,’ 


Gayon and Dupetit® demonstrated that 
nitrite is the first product of nitrate reduction. 
(Juastel, Stephenson and Whetham!* found that 
Bacterium coli produced nitrite when grown anaero- 
bically ; nitrite has since been identified as a product 
of nitrate reduction in bacteria, fungi and higher 
plants*.*. The agronomie importance of nitrate 
reductase activity in maize plants has been demon- 
strated by Hageman and Flesher’®. 

The sequence of electron transfer during nitrate 
reductase activity by the purified enzyme from 
Venrospora crassa has been shown to be! ; 


Nitrate. 


TPNH » FAD » Mo > NO, 
2,3', 6-trichloropheno! 
indophenol 


A similar molybdo-flavoprotein system has been 


described in the yeast Hansenula anomala‘? and in 
higher plants'*. 

Both molybdenum and 
shown to participate in nitrate reduction by denit- 
rifying bacteria'®. The sequence of electron transfer 
to the alternative hydrogen acceptors oxygen and 
nitrate in whole cells of Pseudomonas aeruqinosa is ; 


eytochrome have been 


» FAD > cytochrome c nitrate NO, 


| reductase 


(Mo) 


DPNH- 


eytochrome 
oxidase 


fische ry requires 
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Sadana and McElroy*’ proposed a similar scheme 
for nitrate reduction in Achromobacter _fischert 
(= Photobacterium fischeri), but claimed that molyb- 
denum was not involved. Although they grow the 
bacteria in peptone medium without the addition of 
molybdenum, it is unlikely that their cultures were 
in the micronutrient since no purt- 
used. Thus, further work 
whether Phytobacterium 
for the reduction of 


in fact deficient 
fication methods 
is required to determine 
molybdenum 


were 


nitrate. 

Many schemes have been postulated for nitrate 
reduction in Escherichia coli, and Taniguchi and 
Itagaki?! have recently obtained a homogeneous 
molybdo-protein which reduces nitrate with eyto 
chrome h, as the electron donor. It is probable 
that the different pathways suggested by various 
workers using this organism can be explained by the 
different hydrogen donors in the nitrate reductase 
assay and by the varied conditions under which the 
Thus the preparations have 
terminal nitrate 


organist Was prown. 
probably all contained the same 
reductase (that is, the molybdo-protein) with either 
suecinic dehydrogenase**, lactic dehydrogenase*?, 
diaphorase** or quinone reduetase** as the penulti 
mate hydrogen-donating system. ‘able 2 illustrates 
that differences also occur between strains. Thus 
E. coli (Pf) can dissimilate nitrate under anaerobic 
conditions, and both iron and molybdenum deficiencies 
reduce the nitrate reductase activity. Nitrite accumu 
and the the medium is almost 
entirely oxidized to earbgn dioxide. Strain BLA 
however, can utilize nitrate as the nitrogen 
source for growth®, but not as a hydrogen acceptor 
during anaerobic respiration. In this case, iron 
deficiency has no effect on nitrate reductase activity, 
indieating that a cytochrome system is not involved 
The metabolism of this strain under anaerobic 
conditions is fermentative, and organie acids acen 
mulate in the medium. 


lates, glucose in 


sole 


Table 2. GROWTH OF Escherichia coli UNDER ANAEROBIC CONDITION 


The cells were grown in a medium containing both NII,* and NO, ion- 
(ret. 23) under anaerobic conditions for 24 hr. at 37°C, 


Strain Pit 


Nitrate reductase activity of iron- 
deficient cells as a percentage of the 
activity of normal cells 

Nitrate reductase activity ol 
denum-deticient cells as a pe 
of the activity normal cells 

Carbon dioxide production during gz! 

Nitrite ion in th medium 

Lactic ac n tt medium 

j Succinic acid it medium 


molyb- 
reentage 


wth 
ilture 

niture 
culture 


strain B, kindly supplied by 
Johns Hopkins Universits 
by sub-culturing it 


* Strain B.L.A. was derived trom 
Dr. R. Herriott, Biochemistry Department 
School of Hygiene and Public Health, Baltimore 
on nitrate medium 

rs 


was rom Dr. J. Erkama. Biochernistry Depart 


ment, Lois 

It has been suggested that cytochromes partici 
pate in nitrate reduction only in the dissimilatory 
process'’*. This is confirmed by the results in 
Table 3, which show that iron deficiency depressed 
organisins dis 
conditions. In 


nitrate reductase activity only in 
similating nitrate under anaerobic 
contrast to this, molybdenum deficiency invariably 
decreased nitrate reductase activity under either 
aerobic or anaerobic conditions. It is noteworthy 
that a deficiency of either iron or molybdenun 
reduced the enzyme activity of Rhizobium 
extracted from soy-bean nodules?’. 
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lkON ENC Y AND 


AEKATION THE 
NI 


\ 


ninal electron 4 pt 


The denitrifving ranisms nitrat rr 
vity under aero! mdi tions 


nitrat 


that a genera lized 
transport 


const ructe d as 


results 


These 


tor elect mucrobial 


ron during 


re can he shown im mel 


reduced 
dves 
PPN 
ASSIMILATION 
DPN >» FAD > nitrat 
a A \ A reducta 
\ M 
hydrogen ar evytochrome 
lonating > t hit > oxidase >), 
tem 
DISSIMILATION 
scheme 1 Alt at nit 


emphasizes the homology of nitrate dissinulation 


md aerobic re 
ind) Dupetit* 
have suggested that dissimilatory nitrat 
phosphorylation, 
vlarities im 


respirat ion 


piration, first by 


Takahashi Tanivgueht and 


reduction 
~ coupled to 
the electron 
with 


probable in view of the sin 


transfer sequenc durmg 


oxygen or nitrate as the terminal acceptor, and the 
large change in free energy approximately 
40 keal./mole) during the reduction of nitrate by 


reduced diphosphop) ridine nucleotide It is feasible 
that the reaction might prov ide a control 


mechanism whereby a cytochrome system 1s involved 


coupling 
dissimilation and not m nitraté assimilation 
alternative hvdrogen donat mg 
higher Thus, Mendel and 

that the reducing power for 
nitrate reduction respiratory 
dark and of photosynthetic 
Stoy* that 
identical in essential parts 
lies in the 
necessary for the 


mm mitreate 

Similar syatems 
probably oceur m plants 
Visser?” suggested 
was of origin in the 
origin in thhuminated 


leaves. concluded nitrate reduction in 
the light and dark “are 
and that the only difference 
in which the hydrogen 
nitrate reduction, can be generate da’ 
Nitrite. Yamagata" found a nitrite 
enzyme im cell-free extracts of Bacillus pyocyaneus 


und «Taniguchi et that extracts of 


various 


donors, 


reductase 


showed 


and this seems to be 


either 
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when reduced methylene 
Nitrite reduetion has 


B pum lis rechuced nitrite 


bhie was the electron donor 


also boen demonstrated Species ot -otobacter, 
Debaryomyces, Desulforilvio, Exchevichia and algas 
ee refs. 5, 13, 25 

Nitric oxide has occasionally been observed as a 


product of denitrification®* "4, and it has now been 


identified as the immediate proc et of nitrite reduc 


tion during denitrification by 1’. stutze P. aeru 
and M. denitrifiear of 
nitrite reduction has not previously 
cletert although the has been 
studied in considerable detail Medina and 
Nicholas*®* sted that hyponitt te was the first 
product of the reduetion, but Nicholas and Jones 


a | mnatographie 
detect it durmg mitrite 
purified enzyme from Newrosp 

however, whet her this 
to detect the 
results ot 


results), 


unpublished 


technique’ could not 
reduction by the 
It is doubtful, 
was sufficiently 
ot product expected The 
Walker’? in this 


technique 
amounts 
taimed by 


semsitive 


laboratory suggest that nitric oxide 


is formed during nitrite reduetion lbw the purified 
\ OTUZN 

The wssimilatorvy nitrite reductase puritied fron 
crassa and the dissimilatery enzyme fron 
]’. uqinosa*® appear to be very simular, they 
are both flavoproteins which require copper, iron 


Walker and Nicholas*" 
shown that the 
activity, but 

function, 
electron acceptor 


Mort® 


could reaet 


groups tor awetivits 
Yamanaka et have 
has evtochromsy 
to be its 


and 
mnonds CnzZyme 
appear 
much 


oxidase this does not 


primary since nitrite a more 


efficient than is oxygen 


Iwesaki and claimed that nitrite and 


hydroxylamine 
oxide and 


enzymatically to 
this eould 
laboratory?’ or bw Asano‘ 
t le that the 


nitrous nitrogen, but not be 
confirmed in this 
Reeent work" 
appearance ot 
Nason ef al.® may not hav 
There is litth 
nitritase enzyme exists in plant tissue, 
ean be utilized as the sole nitrogen source and nitrite 
is the only known product of the nitrate reductas» 
enzyme. Butt and Beevers*® rested that 
is reduced by reduced trip shosphopy ridin: nucleotide 
pentose phosphate ps ithway. 
We have recently produced evidence 
a compound with whieh u 
assimilators 
and There are 
two main lines of evidence: (1) is the 
immediate produet ot nitrite rechuction Nenrospord 


makes 1 


nitrite noted my SOON bean leaves by 
nitrite 
that a 


since nitrate 


been due toa 


reductase doubt, however 


nitrite 
generated in the 
Nitric oxide. 
that nitric oxide, or 
equilibrates, is an inte mediate in both 
nitrate 


dissimilatory reclietion' 


nitric oxide 


and in several denitrifving bacteria ; (2) mitru 
oxide reductase activitV is found in 
and higher plants which are actively reducing 
nitrate, but the enzyme is absent or mueh reduced 


in organisms grown on amunoniin nitrogen only. 
Inhibition of hvdrogenase ac tivity by nitrie oxide 
in vitro has been noted in species of Azotobacter. 
Clostridimm, Escherichia and 47,46. 
but this is unlikely to have very 
in vivo since nitric oxide probably has only a transient 
existence im assochition with the enzyme ; indeed, 
it is formed as the free gas rare ‘ly even by denitrifving 
This is confirmed by our observations 
can act as the —— during 
denitrificans 
(greater 


Hudrogenomonas 


great significance 


organisis*? 
that nitric oxide 
hydrogenase activity in extracts of 
and only at relatively high seabed he 


2G 
enzyme activ magenates preparca fret 
sre given as percentages of those of h = ~ 
normal cells growh uhdet the same 
Condition of growtl 
BLA 
— . 
| 
ma 
ea which can use neither oxygen nor nitrat 
“ 
Att 
| | 
: 
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than 0-05 atmosphere) is it inhibitory. We have alse 
confirmed the observations of Keilin and Hartree’ 
than nitric oxide can form a complex with cytochrome 
c, but it is doubtful whether this is of physiological 
significance 

Hyponitrite, nitrocyl Many 
workers?" ‘have suggested that nitrate reduction 
nvolves an this level of oxidation 
Nitroxyl, hyponitrite, nitrous oxide, nitramide and 

have all been postulated, 
evidence for 


anal nitrous ovrede. 
intermediate at 


iihydroxyammonia 
but experimental 
scamty. 
Assimilation of hyponitrite has been reported in 
coli" and in N. « The instability of 
hyponitrite™ makes experimental work and the 
nterpretation of results difficult. We have contirmed 


any of these Is 


that hyponitrite decomposes rapidly at phy siological 
pH, and the cells or cell-homo 
genates of P rate of 
rom-enzVrnatic production Ol 
agreement with the 


Niel? st 
Val 


presence of whole 
ehanye the 
This findme is 
Allen and 
and of 
va and M. 
not rule 
since it eould 


aeruqeosa rot 
results of van 
and 
erhoeven® with in capes 
however, do 


results, out 


here 
as an 


transient 


intermediate, have a 


existence in association with enzyme 

ITTACOR. 

Several workers have reported that mitrous oxide 

reduced to nitroget 
1,5 It ts 


} 
tistial 


ammonia by 
however, that 
denitri 


nitrous 


can be gas or 


bacteria? unlikely, 
intermediate im 
from 


evanide, 


oxide Is 

eatron, nitroyven 

mide ean be inhibited by vels of 

w 2): 4-dinitrophenol which have no effect om the 
from 


nitrous 
since production 
azick 
le of production of nitrogen nitrite 

Experiments on simultaneous adaptation have pro 
duces results but Sacks and Barker 
ining and MeNall and Atkinson 
wing bk that cells adapted to nitrate 
itilized only period It 
s likely that utilized per se 
it is the forme! anhvdride of hywponitrots ac wl and 


Lriis 


1 conflicting 
P. denitrif 


found 


nitrous oONxil after a lag 


nitrous oxide ts 


water to give a true solution 
integrated by 


nitroxvl (NOH), 


mtermediate m nitrate 


ssolves in 
These 
compound 


that 
one 


results car be 
like 
nitrogen atom, ts the 
tion, and that this is in equilibrium with hyponitrite 


oxide \ 


utilize 


eontaminge 
redue 
vhich nitrous 


further 


can decompose to 


adaptive necessary to 


enzyme is 
This is illustrated in scheme 2, and is 
that pore Lees’? for 


pore 


nitrous onide, 


similar in outline to sented bys 


the nitrification 


NO 


evanide 
azide 
2: 4-dinitrophenol 


enzVinatic —— 
non-enzVinat > 


intermediates during the assimilation and «i 


scheme 2 
similation of nitrat 


Some 
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The scheme is supported by the followimy lines ot 
(1) Nitrous oxide has frequently been 
fecent 


t vidence : 
reported as a produet of denitrification®: 
work by Delwiche®? makes it probable that nitrous 
oxide is formed non-enzymatically when a compound 
at the nitroxyl level 
(2) The occasional reports of sum ultaaeous adaptation 
4 eould be caused by 


nitrous 


of oxidation accumulates 


to nitrate and nitrous onic 
enzyme utilizing 
he gas formed during growth 


induction of the oxic 


by small amounts of 
(3) The existence in solution of hyponitrite or nitrous 
observed by 
nitrate, 


onic explains the nitrogen losses 


several 
nitrite. nitrogenous gases, ammonia and cell nitrogen 
This explains 


since it 


workers" who measured only 


during denitrification (4) scheme 
the utilization of hyponitrite, 
in equilibrium with nitroxvl and would also produce 
utilized (5) The true 
nitrogen 


would exist 


mitrous oxide wl ich be 
intermediate is likely 
atom, as do the other 
would 


to contain only one 


intermediates \ compound 
involve the consecutive 


NON bond and this, 


consideration of the 


hyponitrite 
formation and breakage of an 
although possible, is, frome a 
energy changes involved, unlikely 

Hydro Verhoeven cle 
amine in the eulture medium during dissimilatory 
Denittrobacillus 


hvdroxvlamine to 


such as 


jlamine tected hydroxyl 


reduction hy licheniformis 


reduction of 


nitrate 
and the 


ammonia 


has demonstrated ino a number of micro 

res“ iuctases 
from aeruqu have been 
proteins requiring Mmanganes for 
and ‘Taniguchi® have also implicated a evtochrome 
hyvdroxvlamine by a denitrfying 
Japaneze workers concluded that 


phy siologic al 


from \ 


shown 


ana 
flavo 
Kono 


in reduction of 

Vicrococeus The 
hydroxylamine reductase may 
meaning other than the mere recluction oft hydroxy 
This unlikely, sinee the product 
ion has been shown to be ammonia 

that P ae 


nitrate-nitrogen 


have 
of the 
and we 
assimilates 
(15) per 
while denitrifving 
medium 
Extracts of higher 
oxidize hydroxylamine by 
system stimulated by ‘There is no 
evidence that this has physiological significance 
in vivo, although there have been reports that nitrate 
aecumulates in detached leaves kept 
Cresswell and Hewitt®® suggested 
“may well provide a basis for the 
This may be true 
example, by 


redue 
have 
small amounts of 
ot the total cell 
r wetively m a 


demonst rated®® qenosa 


cent mitrogen) even 


peptone nitrate 


} 


plants have been shown to 


means of a peroxidase 


occasionally 
in the dark**. 

that this system 
nitrification of hydroxvlamine” 
for heterotrophie nitrification, for 
ispergillus flarus® (although 
doubtful physiological significance), but is unlikely 
to autotrophic nitrification by Nitro 
where the process is linked to a system 


even here it is. of 
to apply 
SOMMOMAS Speyp 
vielding energy 
The 
lamine appears to 
as a detoxication 
Nicholas!*) 
lromate compounds, 
alternative or simultaneous mechanisms for reducing 
nitrate could involve aromatic nitro compounds. 
There is, however, little evidence for this'®:*?, 
Enzymes capable of reducing a range of aromatic 
demonstrated®?.**, but 


hvdroxy 
except 


pathway for utilization of 
have little 


mechanism 


sivnificanece 
(see the review by 


It has been suggested that 


nitro-compounds have been 


a. 
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there is no evidence tor OnzZyMes re sponsible for the 
nitration of the nucleus and this is an 
obligate step in any such hypothesis 


be nzene 


Common Pathways in Assimilation and Denitrifica- 
tion 


Che final products of nitrate assimilation are, by 
detinition, nitrogenous cell During 
nitrate dissimilation, however, the following products 
ean be formed : nitric oxide, nitrous oxide, 
nitrogen, hydroxylamine or emmonia. The results 
already discussed show that the processes involved 
in both and dissimilatory nitrate 
reduction are verv similar. Thus, of the inter 
shown to be the same, and the 
The assimilatory 


components 


nitrite, 


mediates have been 
properties of the enzymes are alike 
route has been deseribed in detail pre viously’, but 
it appears that it should include nitrie oxide 
a likely intermediate for nitrate dis 
imilation, and for denitrification in particular, 
have usually been complex’, but we have shown that 


now 


Schemes 


the sequence of intermediates may be similar to that 


route, and hoth processes are 


in the assimilatory 
presented in scheme 3 


= 
NO NO,- -- NO (NOH)—-NH,OH NH 
N, 
enzymati 
nati = -> 
Scheme A pathw for the reduction of nitrate in mier 
ory 
It is clear that in dissinilation of nitrate the rate 
of reduction of nitrate will be much greater than 


that in assimilation of nitrate, since in dissimilation 
the nitrate has a respiratory function. Some inter 
mediates, which probably normally exist only as 
enzyme-bound complexes, may therefore accumulate. 
On this basis, it is clear that the products of nitrate 
dissimilation deyx nd on the relative activities of the 


enzymes of the reductive sequence present in the 
organism Thus, those organisms which produce 
large amounts of nitrite (for example, EF. coli, 


V. crassa) have a very active nitrate reductase and 
little or no nitrite reductase activity. On the other 
xample, B. licheniformis?) 

dissimilation, and here 


sequence must be 


hand, some organisms (for 
produce 


all the enzymes in the reductive 


ammonia during 


very active. Denitrifying organisms occupy an 
mtermediate position; in a few cases nitric oxide 
is produced**, and here the nitric oxide reductase 


is presumably less active than the nitrite reductase. 
Similarly, we have suggested how nitrous oxide is 
produced when the intermediate at the nitroxyl- 
level Denitrification is an efficient 
form of dissimilation of nitrate in that the products 


accumulates. 


are gaseous and toxic compounds such as nitrite 
accumulate in the medium. This may well 
We have demonstrated 


do not 
have ecological significance 
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that J’. ean assimilate nitrate-nitrogen 
even while actively denitrifying®*, but some denitr 
fying organisms require ammonium-nitrogen for 
vrowth**-**, In these cases it is likely that at least 
one of the later enzymes, probably hydroxylamine 
This is an analogous situation 
which can reduce nitrat 


reductase, is absent. 
to the 
but not nitrite”. 
The homology of aerobic respiration and dissinu 
latory nitrate reduction has been pointed out already 
That the aerobic process is more ¢ ficient is suggested 
by the following findings: (1) Proliferating bacteria 
denitrify only under anaerobic conditions, and 
aeration prevents the induction of the nitrate 
reducing enzymes!*:*®, (2) Cell yield is usually 
lower in bacteria-dissimilating nitrate than in those 
‘4.71 This might be caused by the 
high-energy 


Neurospora mutants, 


grown aerobically? 
formation of a smaller 
phosphate bonds during the oxidation of earbo 
hydrate substrates by nitrate than by oxygen 
that is, a less efficient the energy sources 
Confirmation of this idea can only come from : 
study of the extent to which phosphorylation i 
coupled to nitrate dissimilation. (3) Even cells 
possessing the nitrate-reducing enzymes use oxygen 
rather than nitrate as the terminal hydrogen 
acceptor? Oxygen has no effect on the 
enzymes per se, but the eytochrome oxidase appears 
to be more efficient than the nitrate reductase u 
oxidizing the reduced cytochrome which is involved 


number of 


use of 


in the dissimilatory system 


Conclusions 


The hypothesis presented here, which serves: to 
link the assimilation and dissimilation of nitrate, 
is consistent with the data available at the present 
time. It also agrees with the concept of the “unity 
of which suggests that if similar 
chemical reactions are carried out by different 
organisms, then the mechanisms involved are als 
likely to be similar. Thus, several unrelated organism:- 
can dissimilate nitrate, and it is more likely that a 
process such as denitrification represents a fairly 
simple adaptation of a widespread existing systen 
that is, nitrate assimilation) rather than a de now 
formation of an entirely different pathway. Similarly. 
it is probable that a closely related system for nitrat: 
reduction exists in higher plants and, furthermor 
the reverse process of nitrification may well involv: 
the same intermediates. 

It seems likely, therefore, that the 
nitrate assimilation follows the imorganic sequenc: 
to ammonia. Nitrate appears to be 
merely an adaptation of the assimilatory pathway, 
partly by the intervention of cytochromes in the 
penultimate electron transfer sequence, Denitri 
fication is a special case of nitrate dissimilation i: 
which the main end-products are nitrogenous gases 


process ¢ 


dissimilation 
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THE EVOLUTION OF OVERDOMINANCE: NATURAL SELECTION 
AND HETEROZYGOTE ADVANTAGE 


By Da. P. A. PARSONS and Da, W. F. BODMER 


Department of Genetics, University of Cambridge 


ETEROSIS or hybrid vigour, inbreeding depres- 
H sion and the maintenance of balanced poly- 
morphisms in natural populations have all been 
associated in one form or another with overdominance 
The occurrence of overdominance may be viewed 
either as an intrinsic phenomenon or as the outcome 
of an evolutionary process, and in this article we 
shall argue for the latter possibility. 

The term ‘overdominance’ is applied either when 
the heterozygote for two alleles at a locus, or more 
generally when the heterozygote for two genet ically 


difterent but homologous sections of a chromosome, 
is superior in mean fitness to either homozygote 
Heterosis, or hybrid vigour, on the other hand, is 
not defined in terms of such specific genetic situations. 
It describes the observation of a higher mean, with 
respect to a quantitatively varying character, for 
the hybrid between two more or less pure lines than 
for either pure line. When the quantitative character 
considered is not fitness, Dobzhansky' has suggested 
the term ‘luxuriance’ should be used instead of 
heterosis, so that heterosis may be taken to refer 
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specifically to an observed excess fitness of the 


hvbrid. Overdominance may be a cause of heterosis ; 
but the occurrence of heterosis does not imply the 
existence of overdomimnance 

Overdominance may also be a cause of the 
complementary phenomenon ot inbreeding depres 
sion. The natural causes of heterosis and inbreeding 
lepression have been the subject of much discussion 
Some writers, notably Haldane® and Lerner’, have 
pinpomted overdomuinance as the basic underlying 
mechanism, and so have been led to assume an 
intrinsic advantage tor heterozygous genotypes On 
the other hand, Fisher* and especially Matner® have 
attached overnding importance to non allelic gene 
interactions as a cause for heterosis and inbreeding 
depression. There is on this view no longer a need 
to attach any intrinsic importance to the phenomenon 
of overdominance We shall first of all review the 
evidence for the oecurrence of overdomimance and 


then show how it mav evolve 


Causes of Inbreeding Depression 


One of the sunplest explanations for inbreeding 
depression 1s the accumulation of deleterious reces 
sives. However, the loss in vigour from this cause 
has been shown to be no more than 1L-5 per cent*®, 
whereas heterosis of the order of 20 per cent is quite 
common. On the other hand, the calculation by 
Fisher’ of the loss of reproductive value on inbreeding 
a random-mating population polymorphic for an 
overdominant pair of alleles, and similar calculations 
by Haldane* and Crow*, show that overdominance 
at a comparatively small number of loci might be 
sufficient to explain observed levels of heterosis and 
inbreeding depression. There is, however, little 
direct evidence that supports the simple view of 
imtrinsic overdominance, heterosis pe; se’ as it os 
frequently called, as the basic underlying mechanism. 
As Mather® points out, the occurrence of over 
dominance in relation to hybrid vigour has searcely, 
if ever, been proved, for It is difficult to distinguish 
from non-allelic gene interaction Thus, Schuler 
and Sprague’, for example, found no ev idence in 
maize for overdominance with respect to specific 
yenetic markers Further, Jinks'®, using di-allele 
crossing techniques, found overdominance always 
in association with non-allelic ; ne interactions. It 
has also been shown by Williams'' that heterosis 
for a complex character may arise through multi 
pie ative interactions between its various compone nts. 


Overdominance, Balanced Polymorphisms and 
Linkage 


Overdominance was shown by Fisher'? to be a 
theoretically necessary condition for a balanced 
polymorphist in @ random mating population. 
when the selective values remain constant. Although. 
when selective values vary, it is possible to construct 
models which retain two alleles in a random mating 
population without overdominance'."*, it is probable 
that most of the known cases of balanced poly 
morphisms are, in fact, associated with the occurrence 
of overdomimance The association between poly- 
morphism and close linkage was first pointed out 
by Fisher’. One of the first examples of a probable 
complex of closely linked genes was discovered by 
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Ernst'® in the distylic polymorphism of some species 
of Primula. Further, Fisher? showed how interaction 
between two or more factors could lead to the 
tightening of linkage between them. It seems likely. 
therefore, that we can explain the evolution of 
closely linked complexes ot LCHes, such as occu 
in Primula, by the accumulation of favourabl 
modifiers linked to a segregating polymerphic locus 
The importance of linkage and non-allelic interaction 
in the building up of complex polymorphic loci has 


been stressed by Sheppard! and Mather’. Mor 
recently, Clarke and Sheppard'*?*, in a series of 
papers Om mimicry im various African species ot 


Papilio, have provided convincing evidence that the 
mimetic forms are most probably controlled by the 
various alleles of a ‘super-gene’ which has evolved 
in this way. There seems to be little doubt that 
such polymorphisms are clear « xamples of an 
association between overdominance and linkag: 
between imteracting genes 

The concept of the balance of poly genic com 
binations was first developed in a classic paper by 
Mather*!, although it was, perhaps, foreshadowed by 
Fisher? when writing on “simple metrical characters’ 
On the assumption that natural selection favours 
intermediate phenotypes, gamet ic combinations which 
are well ‘balanced’ with respect to high and low 
factors will be continually selected at the expense 
of poorly balanced combinations which give rise to 
extreme values. The poorly balanced gametes will 
be contin rally produced fron: well-balanced gametes 
by recombination so that natural selection will 
favour closer linkage between factors occurring in 
a well-balanced combination. or combinations of 
factors which are already more closely linked In 
outbreeding species, selection may thus be expected 
to cause the accumulation of chromosomes hetero 
zygous for linked balaneed polygenic combinations 
which, although phenotypically uniform. retease 
genetic variability by recombination 

In the simple case of two segregating loei A a. 
B-b with A, B acting in one direction, and a. b 
acting in the other, natural selection will favour 
the balanced repulsion heterozygote Ab/aB. Evidence 
for the importance of recombination in releasing 
significant genetic variability comes from the 
artificial selection experiments of Mather and 
Harrison®, and more recently from the striking 
phenomenon of repeated response to selection 
deseribed by Thoday and Boam**. More specific 
evidence for the occurrence of linked balaneed 
complexes in a disruptive selection experiment is 
given by Gibson and Thoday**. The importance ot 
linked interacting gene complexes is also emphasized 
by experiments with Drosophila obtained from 
natural populations, such as those of Dobzhansk, 
and Levene*®* and of Spiess**. There is, perhaps, an 
analogy between the balanced polygenic combination 
and the balanced lethal heterozygote and, as pointed 
out by Mather’, the former as much as the latter 
are clearly examples of overdominant situations 
in the more general form as defined at the beginning 
of this article. 

This brief review of the evidence for the occurrence 
of overdominance shows that it is most unlikely 
to be a phenomenon commonly associated with just 
a single pair of alleles differing at only one genetic 
site. Even in its simplest form, in a balanced poly 
morphism, overdominance is closely associated with 
linkage between interacting genes. and more generally 
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s dependent to an appreciable extent on the genetic 
background. The dependence on the genetic bar k 
ground is clearly illustrated by the work of Levene, 
Pavlovsky and Dobzhansky*’, and Dobzhansky** 
with various chromosome rearrangements in Droso 
phila whicl frequently poly 
morphie in natural populations 


are 


Evolution of Dominance 


Phe dependence of overdominance on the genetic 
background striking 
similar situation with respect to dominance in such 


bears a resemblance to the 
eases as the crinkled dwarf mutant in cotton, which 
was the first example used by Fisher** as evidence 
for his theory of the evolution of dominance. This 
theory the the 
dominance of a wild-type gene over rare deleterious 
alleles Since the deleterious allele is rare, it will 
occur much more frequently im a heterozygous than 
in a homozygous state, if it Is that the 
heterozygote is less fit than the wild-type homozygote 
Fisher argued that modifiers affecting the deleterious 
mutant would therefore be selected almost entirely 
for their effect on the heterozygote, and that selection 
of such modifiers would gradually lead to the resem 
blance of the mutant heterozygote and the wild-type 
homozygote. The selection for modifiers will depend 
on the frequency of the heterozygote, and so increase 
as its frequeney increases, but selection will always 
be slow so long as the mutant is rare. This will be 
the ease so long as the mutant homozygote is at an 
appreciable disadvantage As pointed out by Fisher*’, 
selection for moditication of the mutant homozygote 
will be slow until the heterozygote is fairly frequent 
except in so far as some § ich an effect has already 
heen produced by the selective modification of the 


relates to common occurrence of 


assumed 


heterozygote. 
dominance was criticized by Wright*! and Haldane* 
soon after its first publication, principally on account 
of the rate at which modifiers of the 
tuutant heterozygote would be selected. However, 
subsequent experimental evidence for the break 
down of dominance on outerossing such as in the work 
on cotton®’ or in Ford’s** work with Triphana comes 
Hh). and more recently in the work of Clarke and 
Sheppard'*-?° in the mimicry alleles ino Papilio 
species, leaves little doubt that, at least in a fair 
proportion of cases, dominance 1s an evolutionary 
phenomenon and its expression depends on the 
genetie background. 

It was pointed out by Fisher'® that if, for any 
reason. the heterozygote appreciable 
proportions, such as is the case in a balanced poly 
morphism, evolution of dominance may occur much 
more rapidly than m the modification of the domi- 
nance of an ordinary deleterious mutant. This will, 
however, apply only to such genetic factors as affect 
external appearance, where it may be an advantage 
for the heterozygote to resemble other 
homozygote, but the basic polymorphism is determ 
ined by constitutional effect of the factor 
other than that on external appearance. It can be 
shown (Bodmer, unpublished) that modifiers of the 
three genotypes, formed by two alleles at a locus, 
oceurring in a balanced polymorphism, will be selected 
according to the prevailing genotype frequencies. 
Since in such a situation the ‘mutant’ homozygote 
is no Jonger rare, there is not the same differential 
selection for modifiers of the heterozygote as in the 


very slow 


oceurs in 


one or 


some 


Fisher's theory of the evolution of 
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which Fisher originally applied his 
However, during the initial stages of progress 
of an the will 
principally in heterozygotes and there may then be 
opportunities for differential moditiers 
of the advantageous This is a 
situation not apparently envy isaged by Fisher in his 
original development of the theory of the evolution 


situation to 
theorv. 
advantageous gene, gene oeceur 
ne le ction of 


heterozvgote®®, 


of dominance, but one which is exemplified in the 
work of Kettlewell®® on the industrial 
f the moth Biston hetularia, 


Classic 


melanic forms 


Increase of Newly Occurring Genes 


The which a wly 
gene will become established have been invest ivuted 
by Bodmer and Parsons* for three Speci 
systems. Thew general conclusion that the 
newly formed heterozygote must be at an advantage 
in outbreeding species, and that the measure of the 


conditions under occurrmg 


Wiis 


advantage needed to establish the gene decreases as 


the amount of inbreeding increases. Thus, consider 
the simple case of a new allele A beimg introduced 
into a population which is predominantly aa. Let 
the frequency of the allele A be q. and of a be p 
where p + q 1, and suppose the amount of im 
inbreeding 
Then if the viabilities of the genotypes 
h and b, the 
after 


breeding to be constant 
coefficient F. 
AA, 
frequencies of 
will he 


measured by a 


Aa, and aa are respectively a, 


the three seleetion 


AA a(q* pak 


\a F)/T 
aa b(p? y T 


where ‘Tis such that the frequencies after selection 
add up to unity. If, initially, A is rare, 
small and negleeting terms in q? the eondition that 
the frequeney of A 


then q ts 


should tnerease 1s: 
aF + hil F) 


and this is the condition for the gene A to become 
established in the population When F O and 
there is random mating this gives h b, which is 
simply the that the heterozygote 
should be fitter than the prevailing homozygote 
When F | and there is complete selfing we have 
a b. and this means that the new homozygote 
must be fitter than the old homozygote. As F goes 
from 0 to 1 for increasing amounts of inbreeding. 
the relative importance of the heterozygote viability 
h. in determining the initial increase of the gene A, 
diminishes. Thus the importance of mitial hetero 
zygote advantage is entirely a function of the breeding 
system. 


condition new 


Evolution of Overdominance 


Now Haldane**, in a paper on the theory of 
selection for melanism in moths, has given an elegant 
caleulation for the total number of heterozygotes 
produced in the course of the substitution of a new 
advantageous gene. He argues that if this total 
number of heterozygotes is H times the average 
population size in any one generation, then selection 
for modifiers of the heterozygote will be equivalent 
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to the effects of H generations of selection on a 
population consisting entirely of heterozygotes. He 
later qualifies this statement, however, by saying 
that when the viabilities of the heterozygote and the 
new homozygote are equal (and, of course, greater 
that of the old homozygote) “there is no 
pressure tending to select modifiers of 


than 
selective 
heterozygotes’ 

This statement is followed up in his paper on 
The Cost of Natural Selection’’**, where he considers 
the number of deaths’ as an effective 
measure of the selection for modifiers of any particular 
genotype. On this premise, when there are no 
differences in fitness between genotypes, there can 
be no selection of modifiers which improve the fitness 
It is clear that such a model 


selective 


of any one genotype 
excludes the possibility of evolving overdominance. 
for onee the viability of the heterozygote has been 
selected up to that of the new advantageous homo 
zygote, Haldane would argue that there could be no 
further differential selection of modifiers improving 


the heterozygote viability. This situation arises 
from his assumption that on the whole a species 
can only maintain its numbers by utilizing its 


reproductive capacity to the full’, and so taking as 
his basic model a situation in which there is a deter 
oration in the environment causing a lowering of 
the mean fitness. Selection of a gene in this 
environment is then ac ting only to return the mean 
species fitness to its former level This not 
allow the possibly litv of selection for a gene increasing 
vithout any prior deterioration ot 
to have a 


new 


does 


the mean fitness 


the environment It is surely necessary 


theoretical model which ean allow for a positive 
evolutionary change of this sort As Thoday 
rsonal has suggested to wus, 
Haldane’s basi pt rons do not take into 


the cost of living’ 

In his original calculations on 
dominance, Fisher®® the 
modifiers of the heterozygote in terms of the fraction 
of the 


heterozygotes or, as 


account 
the theory of 
expressed selection for 
ancestry of future generations ast ribable to 
Haldane®® called it, thei 
ultimate reproductive value”. The ecaleulation 
assures a steady state with respect to the rare mutant, 
the frequency of heterozygotes being maintained by 
recurrent this the ultimate 
reproductive value of a heterozygote remains the 


mutation In case 


at least during an interval of time when the 


Sane, 
heterozygote viability has been improved only a 
little There is no clear parallel to this concept 


when we consider the progress of an advantageous 
population As we have 
shown here, such a gene must start off by having 
an advantage in the heterozygote over the prevailing 
wild-type homozygote. Even if the new homozygote 
is initially fitter than the heterozygote, when the 
new gene is rare and so oceurs principally in hetero 
zygotes, the contribution of heterozygotes to future 
ancestry is still much more than that of homozygotes 
However, as the gene frequency increases, and so the 
proportion of homozygotes relative to heterozygotes 
increases, this situation will change and homozygotes 
will end up by contributing much more, in total, 


in an outbreeding 


vene 


to future ancestry 

Following Haldane*’, it is possible to caleulate the 
total number of heterozygotes Aa and homozygotes 
AA produced as a new advantageous gene increases 
in a population consisting initially mostly of the 
genotype aa By weighting the frequency of a 


April 1, 1961 vou. 190 


Table 1 
Ratio of 
No, of heterozygotes Aa heterozygotes 
S, 1 per cent 5 per cent Aa to 

0 25 percent homozygotes AA 
21°3 
oz 451 16-4 17 
72:0 24-6 
o4 103-2 
140.0 
oe 185°1 49-2 ‘ 
2432 
os 325-1 65-6 
ou 


where q, is the frequency of the ‘new’ gene A and the viabilities 
AA Aa 


ure 1+S,-S 1 


respectively . 


genotype in any generation with its contribution, 
in terms of reproductive value, to the subsequent 
generation it is also possible to calculate the total 
contribution of reproductive value made by the 
genotypes Aa, AA during the evolutionary progress 
of the new gene A. Assuming viabilities 1 +S,, 
14S, S and 1 for the genotypes AA, Aa and aa 
respectively, we have calculated the total number, 
or total reproductive value, contributed by the 
genotypes AA, Aa as the gene frequency of A 
increases from q, to q, for a series of different values 
of S, and 8S. If we assume that q,, the initial fre 
quency of A, is small, then these contributions depend 
largely on 1/S, (where S, is the excess viability of 
AA over aa) for any given value of q,. Table | 
shows the number of heterozygotes Aa produced by 
the time A has reached gene frequencies ranging 
from 0-1 to 0-9 for two different sets of viabilities 
In the first case S, 1 per cent and S 0, so that 
\ is fully dominant, and in the second case 8, 5 
per cent and S 2-5 per cent, so that A is now an 
additive’ gene with respect to fitness. The actual 
numbers in Table 1 multiples of the 
population size (assumed constant) in any generation 
The ratio of the number of Aa as compared with 
the number of AA is given in the last column of 
Table 1 to the nearest whole number. This ratio is 
more or less independent of the viabilities S, and 8. 
and appears to be a characteristic of the pattern of 
increase of a new gene in a random-mating diploid 
population 

It is clear that when the frequency of A is small 
far more heterozygotes than homozygotes have been 
produced and this excess is still appreciable when 
q, is 40 per cent or even 50 per cent. Thus, if modifiers 
can have been selected at all in the time taken to 
reach this gene frequency . they w ill have been selected 
much more for their effect on the heterozygote Aa 
than on the homozygote AA. It is the total number 
of heterozygotes produced, not the number which 
have died selectively, which gives an approximate 
measure of the number of equivalent generations of 
selection available for a population consisting entirely 
of heterozygotes. 

It can be shown that the difference between the 
total number produced and between the total 
contribution of reproductive value is generally only 
of the order of magnitude of the gene frequency. 
The details of these calculations will be published 
elsewhere. The results provide a theoretical basis 
for the statements by Mather’° that outbreeding 
species are exposed to natural selection in a pre 
dominantly heterozygous condition. It is, of course. 
clear that as soon as modifiers have increased the 


repre ‘sent 


| 
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fitness of the heterozygote over that of both homo 
zygotes, a balanced polymorphic situation will be 
achieved in which the heterozygote is permanently 
inamtaimed in the population. 

In a further ealeulation, Haldane** has 
an expression for the increase in frequency of an 
independent dominant modifier of the heterozygote, 
throughout the course of the increase of the advan 
In our notation, the modifier would 


4770 


obtained 


tageous cene. 
nerease in frequency by a factor 


is the advantage conferred on the hetero 
Haldane considers only the 


here 
zygote by the modifier. 
erase u 
the heterozygote Aa up to the level of the homozygote 
\A When u S, F lasS QO and the A gene 
tends to complete dominance. F is large and tends to 
infinity only as S/S 1, in which case the hetero 
zygote Aa has the same viability as the prevailing 
wild-type homozygote aa and only heterozygotes 
arrymg the modifier will be selected. Only allowing 
S, Haldane again excludes the possibility 
and is a con 
stant, It is easily seen that F L - 0, for then 
the heterozygotes carrying the modifier are effectively 
overdominant and only such heterozygotes will be 
permanently maintained in the population. If, for 
example, S, 10 per cent, S 1 per cont and u 

10 per cent. then F 100, whereas Haldane considers 
values of F greater than 20 most improbabk 

Although lack of dominance of the modifier will 
diminish its relative rate of increase, linkage with 
the advantageous gene will certainly enormously 


the case i 
of evolving overdominance. If u 8, 
asS 


increase its advantage, more especially if the modifier 
This will also be true of modifiers 
Aa when S'S, 


is Initially rare 
tendmg to merease the viability of 
is nearly 1. 

It seems clear, calculations, that an 


from these 


advantageous may evolve overdominance 
during the evolutionary 
Experimental evidence for this lies in the work of 
Levene, Pavlovsky and Dobzhansky?’. It 
well known that if a gene is initially 
overdominant in the heterozygote, a balanced 
polymorphism will result. As pointed out by Fisher’, 
this means that although overdominance as an 
intrinsic phenomenon may be rare, of over 
dominant genes 50 maintained in a population will 
be particularly brought to our notice. However, the 
evidence, as mentioned earlier in the paper, for 
the widespread occurrence of linkage between 
interacting genetic factors in association with over- 
dominance, argues the simplest form of 
overdomimance associated with a genetie difference 
at a single site (a muton or recon in Benzer’s* 
terminology). As Lewis*? mentions, even the simplest 
biochemical models of heterosis in Neurospora and 
ispergillus heterocaryons the result of the 
complementary effect of two dominant genes 


course of its progress 


Is also, 


ot course, 


Cases 


against 


are 


Evidence from Micro-organisms 


Even ip iuicro-organisms with probably only 
lunited facilities for outcrossing there is considerable 
evidence for the existence of linked blocks of genes 


S when the modifier brings the viability of 
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controlling closely related biochemical reactions, 
which must have an evolutionary origin. Thus, 
Demerec et al.*8 have shown in Salmonella that four 
loci controlling sequential steps in the synthesis of 
tryptophan occur in a closely linked complex 
Similar results have been found for loci 
with the synthesis of histidine and proline in Sal 
monella, and also for tryptophan loci in FL. coli" 
That such blocks are most likely to have an evolu 
tionary origin is emphasized by the fact that the 
same four steps in tryptophan synthesis, which ar 
controlled by a linked complex in Salmonella an: 
k. coli, are controlled by four unlinked loci in 
Neurospora’. Furthermore, such linked complexes 
are not a peculiarity of the enteric bacteria because 
recent work of Gross and Fein** has shown the 
existence of a linked complex in Neurospora con 
cerned with the synthesis of aromatic compounds 
The work of Pardee et al.47 in Escherichia colé on 
the loci involved in the control of the synthesis of 
$-galactosidase further the existence of 
linkage between genes which are interacting at an 
This is a situation which surelv 


concerned 


shows 


extremely basic level, 
must have an evolutionary origi. 

If linkage and interaction are excluded as the basic 
ingredients for heterosis, and as we have defined it 
overdominanes, it search for some 
intrinsic advantage of overdominance. Jt has been 
suggested by Haldane? that a he terozvgote may he 
because it give more 
biochemical diversity than either homozygote, as 
occurs, for example, with the hemoglobins. How 
ever, the occurrence of interaction products from a 
heterozygote'*** belies this simple interpretation. 
Moreover, the postulated mechanism of Crick and 
Oryel (personal communication) for heterocaryon com- 


is necessary to 


advantageous rise to 


plementation certainly suggests the possibility that 
some heterozygotes are likely to be intrinsically dis 
Rather it seems, from the sort of sur 
vey of heterozygote viabilities carried out by Stern 
and Novitski®®, that a fairly wide spectrum of hetero 
zvgote viabilities is likely to occur and that there is 
little reason to favour any particular combination. 


advantageous. 


Conclusion 


In conclusion, we would argue that overdominance 
as it is commonly found in outbreeding species is, 
at least in many cases if all. an evolutionary 
phenomenon which results from the nature of an 
outbreeding diploid species in exposing new gene 
combinations a predominantly heterozygous 
condition. Even in cases where overdominance 1s 
found in ostensibly inbreeding species, these almost 
exclusively have a previous history of outbreeding®! 
during which the overdominance may have evolved 
Our mechanism is 


not 


in the way we have suggested. 
just another example of the way in which the breeding 
system determines the genetic structure of a species, 
in the same way that outbreeding leads to the 
balanced genotype of Mather or the integrated gene 
pool of Dobzhansky. The root of all this organiza- 
tion lies in the advantage of the outbreeding system 
which, as Darlington, Mather*'. Thoday®, and 
probably Darwin before them have emphasized, is 
its flexibility in producing new variation upon which 
natural selection may act. The evolutionary process 
is the accumulation of suceessively interacting 
genetic factors which together build up the highly 
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Technology at Cardiff: 
Prof. W. R. D. Jones 


Pror. W.R Jones will retire from the chair of 
metallurgy and fuel technology at the University 
College of South Wales and Monmouthshire, Cardiff, 
at the end of the present He 
vraduated from that College and im the 
same year Comins need teaching duties. Coming from 
and forming 


Metallurgy and Fuel 


academic session 


in 
» family well known in mining circles, 
au close association vith the tron and steel industry im 
South Wales, his has 
ly been directed towards light alloys contaming 
His determination of the 
magnesium phase -diagram brought him his D.Se. m 
1932. and in the followime yvear he was appointed 
head of the Department in suecession to Prof. A A. 
Read. Prof, Jones has always taken a very full part 
in academic work, being at various times deputy 
principal, dean of the Faculty of and a 
member of the Academic Board of the University ot 
Wales. Combined with this he promoted a vigorous 
research school, the publications of which in the 
Journal of the Institute of Metals are notable con 
tributions to our knowledge of magnesium alloys 
Other work has been concerned with strain-ageing 
ef steels and the viscosity of molten metals and 
alloys. His genial personality has made him popular 
with staff and students and he is a well-known figure 
in public and social life in Cardiff. He became 
actively interested in the South Wales Institute of 
Engineers and was elected president in 1953. 


research work nevertheless 


larue 


copper 


scrence 


Dr. H. K. M. Lloyd 


Dr. H. K. M. Lioyp, who has been appointed to 


succeed Prof. W. BR. D. Jones, 1s senior lecturer in 
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metallurgy in the University of Nottinghan 
vraduated with honours in metallurgy at the t 
sitv College of Swansea in 1942. and 
industrial experience as a metallurgist in a 


He 


“niver 


rained 


then Z 
steel 


works. and afterwards became experimental office: 
in the Aeronautical Inspection Directorate As a 
result of research on hydrogen in steel in the Univer 


sitv of Sheffield he was awarded a Ph.D. in 1948 and 
the Brunton Medal, and continued for a vear on the 
teaching staff. Since 1949 Dr Llovd has lectured at 
the University of Nottingham. first mn the Mechanica! 
Engineering Department, and from 1954 in the new 
Depart ment of Metallurgy. which he largels 
lished and equipped. He hats maintained close con 
tacts with the iron and steel industry and various 
engineering firms, which have sponsored some Of hus 
This has chiefly been concerned with 
and his work has been pub 
In 1950 Dr Lloyd 


estab 


research work. 
engineering metallurgy. 
lished in a variety of journals 
was invited to examine metallurgical problems im an 
oil installation in the Persian Gulf, and during 1951 
was awarded a Nuffield travelling fellowship and 
visited plants in the United States and Canada Hi- 
interests have extended to technical institutions and 
he is a governor of Corby Technical College, while as 
a founder member of the East Mid ands Metallurgical 
Society he became president in 1953. In returning 
to Wales, Dr. Lloyd will feel quite at home in the 
metallurgical work which awaits him at Cardiff. 


Mechanical Engineering at Sydney : Prof. P. T. Fink 

Ar the beginning of the current academic year, 
Peter Thomas Fink was appointed to the chair ot 
mechanical engineering in the University of Sydney 
Prof. Fink was educated in Birmingham, England, 
and the University of Sydney, where he graduated in 
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Appearing in April 


Fourier Transforms and Convolutions for the Experimentalist 
R. C. JENNISON, Lecturer at Jodrell Bank Experimental Station 


The transform is boldly stated at the outset and is applied immediately to derive the spectrum of an 
elementary operator (the delta function) from which the transforms of other more complex functions 
are built up by superposition, convolution and differentiation. 42s. net ($6.50 


Stress Concentration Around Holes 
G. N. SAVIN 


A thorough presentation of the problems of stresses set up around holes of various shapes in beams and 
plates subject to different kinds of loading. The most important results are clearly compiled as graphs 
and tables. According to a review of the original Russian edition by Professor J. N. Goodier, a leading 
American authority, this is one of the 6 most important books on elasticity which has been published 
in the last decade. 84s. net ($15.00 


T ables of Thomson Functions and their First Derivatives 
L. N. NOSOVA, Academy of Sciences, U.S.S.R. 


This book gives the values of the Thomson functions of the first kind ber x, bei x and of the second 
kind ker x, kei x and their first derivatives for the index n — 0. In contrast to existing tables of Thomson 
functions and their first derivatives these tables have a smaller interval or a larger region of variation 
of the argument Approx. £7 ($20.00 


¥ 


Theory of Elasticity 
Vv. V. NOVOSHILOV 


The author, a leading Russian authority in the field, has recognised the growing importance of non- 
linear problems in modern stress-analysis and, starting from the basic ideas of strains and stresses, 
develops a completely general method of approach to any problem in the theory of elasticity 

84s. net (S1§.00 


Please send for fully descriptive leaflets 


A TECHNICAL WRITING SERVICE FOR INDUSTRY 


Do you need the services of professional technical writers, highly competent illustrators and 
compilers of modern, effective technical literature ? A technical writing service is available to 
industrial companies and research organizations to prepare, illustrate, print and disseminate 
instruction manuals, parts lists, user handbooks, sales brochures, internal reports, etc 


The Technical Writing Division is staffed with experienced and highly qualified technical 
writers, engineers and illustrators and at their disposal are all the very extensive resources and 
connections of the Pergamon Press. 
For further information please write to : 
The Manager, Pergamon Press Technical Writing Division, 
4&5 Fitzroy Square, London, W.! 


@ PERGAMON PRESS 


OXFORD LONDON NEW YORK PARIS 
Headington Hil! Hall, Oxford. 4& § Fitzroy Sq., London W.1. 122 East §5th St., New York 22, N.Y. 
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UNITS GREENS/PURE 
BENCHES FILTER PAPERS 


Are of the finest quality and 
also reasonable in price. 
Why not compare our prices 
with those that you are now 
paving 
j 
AND EXPERIMENT request. 


full Catalogue from 
J. BARCHAM GREEN LTD. 


R.& J. BECK Ltd. MAIDSTONE ENGLAND 


69/71, Mortimer Street.London Wi. 


The world’s finest 
industrial cameras 


CROWN GRAPHIC SPECIAL 45 

The basic Graphic Camera for press and technical 
work. Built-in coupled rangefinder, parallax corrected 
optical viewfinder, rangelite for focusing in the dark 
ind open frame finder. Double extension, rising, tilt- 
ing and shifting front and Graflok back with Ektalite 
field lens 

CF.904. With 135 mm. f/4.7 Xenar in No. 0 Compur 
shutter. 


CROWN GRAPHIC FLASH SPECIAL 45 
C.F.905. As above, but including Graflite Junior 
flashgun and connecting cord. 
SUPER SPEED GRAPHIC 
also PACEMAKER CROWN GRAPHIC 
GRAPHIC VIEW 


Manufactured by Graflex Inc., Rochester, U.S.A 


For further details and price list write to Sole Wholesale Distributors: 


NEVILLE BROWN & CO. LTD. - 93-97 NEW CAVENDISH STREET - LONDON WI 
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engimeering in 1944 Contimumy at 
research student and fellow 
Steph ms. he worked on problems 


wronautical 
Sydney as a 
inder Prof. A. \ 
n aireraft stability im conjunction with the Comrnon 
vealth Serentific and Industrial Research Organiza- 
tion (Melbourne) until his appoimtment as assistant 
ecturer under Prof. A. A. (now Sir Arnold) Hall at 
the Department of Aeronautics, Liaperial College of 
Science and Technology, London, in 1947. Prof. Fink 
spent the next ten years at the Imperial College as 
wsistant lecturer, and (from 1956) reader in 
wronautics, playing @ prominent part m the oX pan 
sion of teaching and research activities under Prof. 
Hall and later Prof. H. B. Squire. During this period 
he published papers on aircraft stability and aero- 
iyvnamies, including important 
to the understanding of the flow past slender delta 
vings. Prof. Fink also collaborated with Mr. Donald 
Campbell in the design of his record-breaking hydro- 
plane. In 1957 be revurned to Sydney to take up an 
appointment there as reader in aeronautical engin 


teaching 


contributions 


some 


ecring. 


Awards 


Institute 


The Iron and Steel Institute : 


Cue Council of the Tron and Steel 
uude the following awards : Besseme Clold 
tor 1961: Mr. William Barr, and 
netallurgist, Colvilles, Ltd., president durimg 1959 60 
the Institute: Sir Robert Hadfield Medal for 1961 : 
Mr. Emrvs Davies, managing director, Brymbo Steel 
Works: Williams Prizes for 1960 (£50 each): Mr 
l. MeHugh and Mr. F. A. Kirk (Low Moor Fine 
Ltd.) for the paper Some Aspect of Steel 
Extrusion” (J. Tron and Steel Inst.. 194, 423 ; 1960) ; 
their co-author. Mr. R. Cox, was not eligible for an 
award; and Mr. J. Chapman (Steel, Peech and Tozer 
and Mr. W. Montgomery (Round Oak Steel Works, 
Ltd.) for the paper “The Effect of Flow Distribution 
m Air Preheat in the Open-hearth Furnace” (4. [ron 
md Steel Test... 196. 


has 
Vedal 


director chief 


Steels, 


A New Department for Technical Co-operation 


IN the House the Prim 
Minister announced new procedures for dealing with 
technical assistames Hitherto, requests for 
such assistance have been dealt with through different 
«ministrative channels, depending on whether they 
came from a dependent territory, an independent 
country of the Conunonwealth or a foreign country 


of Commons on March 21, 


OV 


Such arrangements were adequate in the past, buat 
vith the growth of size and importance of plans for 
helping Overseas countries with tramed men and 
women, special equipment, and so on, closer co 
dination has become necessary; the Government. 
therefore, proposes to set up a new Department of 
rechnical Co-operation. The new Department, Mr 
Macmillan said, would be in the charge of a Minister 
of equivalent rank to that of a Minister of State. and 
while the Foreign Secretary. the Commonwealth 
Secretary and the Colonial Secretary would continue 
to be responsible for matters of general policy. 
vithin these limits the new Department would take 
over the present responsibility of these three overseas 
Departments for the provision of technical assistance 
other than capital projects. It would be concerned 
with much of the technical assistance provided with 
the help of the United Kingdom through inter- 
national organizations as well as with that given 
lirect to the recipient countries. As one of its duties 
the new Department would administer the scheme 
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set out in the White Paper ot last October tor the 
but the 
Q)verseas 


continued employment of overseas offices ; 
the 
Service it dependent ternitomes would remain the 


transfer, promotion and discipline of 


responsibility of the Colonial Secretary 

The statement we leomed by Mi H 
(raitskell for the Opposition, and in reply to questions 
Mr Macmillan added that the Vot« would be separate 
and the Minister would be a member of the House of 
Capital aid would remain with the throe 
the Colonial 
organization would continue Educational assistance 
through the United Nations Scientific 
and Cultural Organization would still be a matter for 
the Ministry of Edueation. and the work of the 
British Council im providing teachers of English 
would continue, though Mr. Maemillan agreed that 
all this would need co-ordination. and that the new 
Department take over many 
educational assistance. It might also be preferable to 
ersity matters 
non-governmental bodies such as 
Higher Education 
Overseas Colleges of 


was warrnly 


(Comunons 


OVerseas ana existing 


Departments, 


Maducational, 


would requests for 


continue to 
through 
the Inter-University Couneil 
Overseas, or the for 
Arts. Science and Technology and the Association of 
Universities of the British Commonwealth, although 
he thought the new Department might be able to 
help here, too. In reply to a suggestion that the new 
Department might have specific responsibility for the 
Inter-University Council. Mr. Maemillan said he 
would not like to give a precise answer without con 
sulting the Chancellors of the Universities. Mr 
Macmillan said, reasonably enough. that it would 
take some time to work out all the details. The new 
Minister would be concerned with providing traiming 
facilities in Britain for men and women from these 
territories, particularly ftom within the 
wealth, as well as with finding and sending abroad 
British nationality 
Services, and 
for a limited 


operate in 
existing 
tor 
Council 


Common 


trained 
belong to 


people oft 
the 


technically 

would 
others would be serving on 
period, A similar statement, made simultaneously 
by Lord Hailsham in the House of Lords, added that 
the proposals would mean brinving together work 
done in overseas Departments. and that in general 
the staff would come from these Departments. He 
that the new Department would 
not the Colonial Development 
Corporation, relations with which would continue to 
be handled through the Colonial Office and the 
Commonwealth Relations Office. The necessary Bill 
in the House of Commons 


some Overseas 


contract 


also made it clear 


be responsible for 


was read for the tirst time 


on March 23 


The American Institute of Biological Sciences 
Supportrep by a grant from the National Science 
Foundation, the American Institute of Biological 
Sciences has undertaken «a Biological Sciences Com- 
munication Project to seek ways of Improving 
the overall effectiveness of the control and d’ssemina 
tion of biological information An examination of 
the methods of acquiring, indexing, storing and 
retrieving printed scientific literature will be followed 
by an investigation into the needs for and use of infor 
mation by biologists, and of the characteristics of the 
dissemination activities of existing agencies. The 
effectiveness of visiting programmes, 
conferences and symposia will also be appraised and 
will consider developing a practical 
obtaining and disseminating in the 


biologist’s 


the project 
method for 


a 
4 
F 
4 
t 
' 
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nformation Obta nod 
siting ot} ‘ COURTLTIOS 
problem ot 
the tramiung 
admuustra 
tte rem 


cientists and of the needs of tea hers, 


tors and smrence way be quite di 


An 
the Institute m 


rom those of the research Ww amivisors 


med to assist 


r allied 


ding baron 4 


eommittee has been tor 


prov biological groups. 


Funds for Industrial Research in the United States 


\ PRELIMINARY report Nationa’ 
Foundation indicates that funds for researe h 
and development by mdustry Mm the United 
amounted in 1959 to 9,400 million dollars, an increast 
of 15 per cent on 1058. and the total ts expected to 
(Reviews of Data 


issued by the 


States 


ach 10.000 million dollars m 1960 
on Research and Development, No. 24 N.S.F. 60. 61 
Washington 25, D.C., December 1960). Of the total, 
»,400 dollars from federal funds, an 
increase of 17 per cent, that financed by 
industry itself increased by 12 per cemt Expenditure 
on fundamental research was 344 million dollars, an 
nerease of 17 per cent on 1958 Three-quarters of 
tne Federal industries 
heavily engaged in research and development proje: °s 
concerned with mis ron ke ts ana 
receiving 2,500 million dollars, 
and 


million carne 


whereas 


contribution went to two 
satellites, the 
aircralt industry alone 
the 
communication, 1,600 million dollars 


other imadustrv. electrical equipment 


Computing Chemical Plant Automation 
digital 

chemical 
ordered by 
in their 
machine 
compute r, which, 
elements, 
in relatively 


Tut first computing 


yatern to be 


British produced 


used to contro! ih proce 4s 
has been 
Ltd., 


Lanes. The 


without human mtervention 
Imperial Che mical Industri 
twood., 


Arqus 


for tise 


che mm cal 


coneerned is the Ferrant: 


because if uses only solid-state electrome 


2 deemed reliable enough to operate 
processes without a constant luumaan 
that the 


the ‘plugs 


docile’ chemical! 


ting to note computer 


n this 


monitor. It is mtere 


is of the p ugyable se 
ease being small ferrite rods which alter the couphng 


quence type 


between mesh po.nts of @ set of mutually orthogonal 
In line with recent thought, the Arqus 
sharing, the anil 


eonduetors 
accept ance 
emission of the 
accepting additional drum storage of up to 
The Industries, 
has the basic capacity of 1,024 
1.024 More than 


different types can be read in 


has facilities for time 
capacity ot 


Ltd., 


orders 


analogue signals, and 


Imper al Chemical 


vords 


mmstallation 


eore storage tor words Soo 


ancl 
analogue gnals of six 
valves aré 
that 


can be 


and outputs to control 100 


provided The 


000 additrons o 


pre 


arithmetical speeds are such 


10.000 roultiplications 


rformed each second 


Coal Research in Australia 

TH 
Scientific and 
during the 
eerics of 
CST 
Me Ibourne 
lesearch Or 


Coal Research Division of the ¢ ommonwealth 
Industrial Research Organization has 
four years published an attractive 
16-page pamphlets (Coal Research im 
Nos. | (May 1957)-11 1960) 


Commonwealth Scientific and Industrial 


past 
{ August 
describing facets of its work 


the articles are 
broadly informative, 


brief, 
yet 


excellent 


anc 


are 
written 


vanization) at the rate of three a year, 
Presentation and stvle 

popularly 
technically 


April 1. 1961 


Precise Directed towards iid | producers and 


users of coal, the series would ay t « four 


ference 


repre- 


and these may be illust i with re 
The 


present by 


to recent articles eclucatis metion 


sented at series On macerais, petro 
of coals roughliv analogous to 


nature 


logical comstituents 
andl appoarames 
dese 
Th scrip 


are 


the mimerals in rocks 
their influence om propertie: 
the aid of typical phot om rographs 
h k 


ar of coal are bead 


i 
with 
tions of ‘techniques’ and of ‘recent Tr 
related to one another, though the emphasis 
and 


closely 
d ffers 


specitic results according to the 


greatly between ral appheation 


Lope discussion 
uidization Technique 
ethods 
for ‘Tar 
(Chromato- 
mentioned 


Solu- 


Examples of the former are F 
Measurements’, amd 
“Molecuhw 


Sensitivity 


‘Porosity 
such a 
‘High 
the latter may 
Structural Coal Macerals im 
Char Blending makes Better Coke” and ** Air- 
type of 


of investigation 
Distillation” 


graphy 


and 
Among 
“Coal Studies 


Flow in Cupolas” : the ethoeds used, 


and likely 
significance are all touched on Finally. some 
regarded first and foremost as ‘surveys of a 
field’, as “Coke Production and Cupola 
“Utilization of High-Ash and Small Coals’’ and 
‘Pitch for Making Electrode Cat The last- 
mentioned artic le, for xample, gives formation on 
and proy rtics required 
with 
the Coal 


treatment assists 


information obtained, app! cations or 


articles 


might be 
Practice’ 


bon 


mothods of 
Each coneliudes 
published by staff of 
While the breadth of 
and is to be preferred to a parochial approach, the 
d (since acknowledg- 


preparation 
abstracts of papers 
Research Division 


understanding 


IMpression 18 sometIMESs 
ment of work elsewhere is mot mace) that the tech- 
interpretat on, and detailed 
Research Organza 

but often 
world-wide 


niques, methods of 
findings alike originated in the 
rons laboratories. Sometimes this 18 so; 
the work described forms part of the 
advance, and the article is partly conee rned with this 
broader advance. These pamphlets deserve attention 
and success for ‘sell’ 
research in industry 


their competent attempt to 


Technological Development in Poland 


A RECENT issue of the Review of te Polish A 
(No. 2, 5, April-June 1960) contams a 
survey by I. Malecki of fifteen years of technology im 
Poland and one by T. Nowicki of the six-years work 
of the Polish Academy of Sciences Institute of Basic 
1953. Dealing first 
in Poland after the 


of Servences 


Technical Problems founded im 

with the starting up of technology 
War. and tho reconstruction and development of its 
Malecki describes the dev eloprhent 
transport and 


technical basis, Dr 
industries, meliding 
Power production 
1046 aru production of 
1.200.000 tons and 1,900,000 
8.000 000 and 


major advances 


of particular 
commun cations reased by 
310 per cent 
east iron and steel from 
respectively, in 1948, to 
1058. There were 
which represent d 19 
1958 compared 


between 
tons, tons 
5 HOO Tors 
in the engineering imdustry 
per cent of industrial production im 
with 13 per cent m 1938, and the of the 
chemical industry nine-fold with 
1938. The industry now provides 70 per cent of 
pharmaceuticals compared with 12-5 per cent in 
1949. The Institute of Basic Technical Problems 
comprises eight three 
main fields : electrotechnics, mechanies and technical 
physics, and includes departments for the theory of 


output 


Tose compared 


scientific centres covering 


14 
United St 
; = 
The proy 
he 
¢ 
we 


April 1, 1961 


telecommunication, eleetrical engimeerimg, electromes, 
fluid 


jons research and analogues, and a 


mechanics of contimuocus moda, mechani 


vibrat laboratory 


for research on isotopes 


Radioisotopes and Radiation in Entomology 
Put Atomic Agency 
Vienna convened a under 
above tithe with the object of disc 
the wider use of 


control of 


International knergy 


recently 
issing and develop- 
and 
t pests. It was held 


1960, when twenty 


ing plans tor radioisotopes 
radiation mm the 
in Bombay during December 5 9, 
five 
the host country, India, Federal Re public ot Crermany, 
France, Italy, Pakistan, Philippines, United Kingdom, 
United States and U.S.S.R The 


pertinent range 


papers were read and discussed by delegates from 


papers covered a 
of irradia- 
food prod icts, 


if h as the use 


ot top 
tion as a direct means of disinfesting 
reproduction in field 
tracers in 
The re 
for example, 
rials 
and electrical machines as radiation sources. Through 
the kindness of the Indian Governinent the delegates 
visited the Atomic Energy Establishment and the 
reactor at Trombay, Impressive facilities 
been created for the peaceful applications of 
atom There are major agricultural and 
insect pest problems in the less-developed regions of 
the world in which irradiation and radioisotope tech 
undoubtediv play a valuable part 
kxcellent facilities for the appli ation of these tech 


as an indirect means by imducing steril ty in 


insects, and so interrupting 
and t he ise of 


brio hemi al researe h. 


populations, radioactive 


entomological and insect 


was lively but constructive discussion 


in the respective merits of static radioactive 


new where 
have 


eneryuy. 


NnIqgues can 
niques now exist in India, so that the symposium was 
indeed timely and effective The balanced and up 
to-date nature of the will render the 
collected proceedings a valuable document provided 
that publication is not long delayed. 


programe 


Sabouraudia 


Tut Nahouraudia, journal 


of the 
Human and 


aptly named the 
formed International Society for 
Animal Mycology and the first 
of which was published during January, can truly 
rapid 
sphere 
Part 1 
plates 


new 
recently 
number 
marking the 
science of mycology into the 
mycoses (Vol 1, 
Pp. 72+ 12 


and S 


be regarded as a_ milestone 
extension of the 
of human and 
Edited by J. ¢ 
(Edinburgh and London E Livingstone, 
Ltd... 1961) Subseription price per volume (four 
issues) SOs. or 12 dollars parts 20s. or 3 
dollars). Indeed, as pointed out im an 

review of the subjeet by the president, Dr 
Makinnon, order is steadily being brought out of 
chaos by the insistence of a few discerning enthusiasts 
of the international] 
codes of nomenclature for bacteriology and botany 
It is, perhaps, the trend 
in species diagnosis 
fungi, in 
characteristic of older work. which has been 


Cent les 


Single 
excellent 
Juan 


on the observance of the rule ® 


recent towards accuracy 
and nomenclature of the causal 
contrast to the over-en phasis on clinical 
aspects 
responsible for the enhanced status of medical and 
veterinary mycology This is well exemplified by 
two papers describing some of the techniques being 
evolved for obtaining the sexual, or ‘perfect’, states 
of parasites content to be known previously only 
bv their conidial states The remaining Six papers 
are of an agreeably high standard, and mycology 
will be well served if the journal continues to main 
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tain this standard It is printed clearly on good 


quality, quarto ized paper wi h excellently produced 
illustration and book tilm reviews 
and news ot screntifice societies in a tot al of 71 payes 


includes and 


Protection of Cleaned Iron Objects 
THE protection of iron objects after they have been 
cleaned has for a long time been a major problem in 
eum objects. In the February 
Journal, Mr. K. J. Barton 
ons on this 
that the 


the conservation of mu 
the Muse 
some nts and 
The 
phosphate coated ob) et (using on 


imsue of 
detals 
subject. 


conelus 
interesting re ult 
ot the 
phosphoric acid cleaners) shows no evidence o 
rosion under the experiments. The one disadvantage 
of this coating is that the resultant poor 
and always patchy. This can bi dyeing 
the phosphate coating black with ‘Hematine’ erystals, 
thus giving @ matt surface which can be polished with 
a stiff brush. Other vapour-phase 
inhibitors using cyclohexylamin Shell 
Nos. 220 and 260 ' most effective 
and their us lunited to object made ot 
zine and Thev 
used in association with lead or copper 
liable 


most 


cor- 
18 


overcome 


tests cove red 
carbonate. 
were found to be the 
steel, iron, 
must not be 
since thev are 


tinplate, aluminium 


to attack 


Atmosphere Temperature Fluctuations 

TH which has 
for long interested climatologists and meteorologists, 
Dire ct 


subject of clanatic change is one 

but especially so during recent vear 

the 
Insect 


tem 
the 
and the 
northern hemisphere, as well as a similar movement 
of the treoe-line have all indieated an appreciable rise 
in atmospheric temperature in parts of the 
world during the past few decades \ recent con 
to the subject has made by G. S 
Callendar, of the Ministry of Aviation, in a 
which appears in the Quarterly Journal of the 
Meteorological Noriety (87. No. 371 > Jan. 1961). From 
his analvsis he eoneludes that the rising trend is 
from the Aretie to about 45° S. lat., but 
and indeed non-apparent in regions 
below 35° N. as vet. A number of theories to account 
for the rise have been advanced, 


perature observations, recession of 


movement of fish northwards in 


tribution been 
paper 


Royal 


significant 
is small locally 
and there has been 
much speculation as to whether or for how long it will 
One widely held theory is to the effeet that 
trend is a result of increased incoming solar 
radiation, due either to an increased output of solar 
energy or to an increased atmospheric transparency 
Cal 
lendar considers that such a hy pothesis in mot mcon 
with the zonal short-period fluctua- 
tions, but that it pattern of the 
overall elin considered to be 


eontinit 
the rising 


resulting from a decrease in voleanic activity 


observed 
tails to explain the 
The latter i 


wit} 


atie trend 
| earbon didxide 
that the trend could be 
from the additional carbon 
The 
Nature control 
caused the 
imposed the 


not incompatible 
theory. which is to the 
due to back radiation 


clioxide 


effect 


combustion. 
~ 


produced by fossi nel 
points ab See 
has human activity 
hieh Nature has 


the whok rocess, 
trend, on 
fluctuations 


erely 


Corrosion Prevention 
A SPECIAI 
prevention 
Museum. South 
April 22 This 


corrosion and its 
the Science 
March 27 


has been 


exhibition on metalli 
organized at 
during 


exhibits 


being 
Kensington, 


collection of 
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weermbled by the Corrosion Croup ol the Socrety 
of Chemical Industry tomark the first International 
(‘ongress on Metallic Corrosion, to be held in London 
it ny April 1 14 It has that 


the vearly cost of corrosion to Great Britain alone ts 


been estimated 


it least nillion (£5 a head per annum) 5 the 


therefore. of great national economi 
and of direct mterest to the 
although the exhibition 


del yates to the 


aubiect is 

layman 
will be ot 
(Congress, 


portance 
For this 
particular interest to the 
it has 
interesting to the non-specialists 
majority of visitors to the Museum It 
terms the 


intelligible and 
form the 
sets out to 
What is 


plac e ? 


been designed sO as to be 


who 


simple 
How 


What can be done to prevent it 7 


questions 


take 


imawer in 


Corrosion 1? and when does it 


University Entrance 
niversity Entrance The 
It will enable one to find 


\ seconp edition of 
Basic Facts has appear al 

which universities provide first-degree Courses 
b) the minimum to be attamed 


out ta) 
andi in what subjects ; 
n matriculation for entermeg individual universities ; 
c) faculty and departmental requirements ; (ad) the 
approximate cost of study based on amounts paid at 
present by the Ministry of Education to scholars whe 
(e) what the present policy 
regarding grants to students ; the 
ale of awards and parental contribution 
the national on 
about the 


need maximum help ; 
approximate 
It is sug 
they watch 


readers that 


Pross for 


yostedt to 
educational 
Government's future policy on financial help to 
students. The t. published by the National 
Union of Te he rs. can obt al from Harnilton 
House. Mabledon Place, London. W.C.1 
post free). It should be of great help to heacl-masters 


announcements 


(priee te 


cachers, parents andl students 


Friedrich Vieweg and Son Anniversary Competition 


ON April 1. 1786, Friedrich Vieweg established at 
Brunswick a publishing house that was to becorne 
inted with such great names as Cioethe. Herder. 
and Wilhelm von Humboldt. 
on Liebig. Gottfried Keller. Wilhelm 
von Helmholtz. Wilhelm Bode. Madame 
Arnold Sommerfeld, Ludwig Prandtl. Albert 
Max von Laue and Erwin Schrodingel 
During the past vears the house has been mainly 
coneerned with the publication of books and period 


Justus 
Raabe. Her 
von 


hon in 


eals in the fields ot mathematics, natural scrences and 
On the occasion of its one hundred and 
anniversary the Friedrich 
a number of prizes for papers In 


fifth 
is offerime 


seventy house of 
Vieweu 
the field of mathematies, physics and chemistry for 
publication in book form, to be judged by a panel of 
distinguished scientists Further mformation can be 
»btained trom Friedrich \ und Sohn. Postfach 
Burgplatz | Braunschwetg, 


ISD 


Announcements 


De. J. T. Detacour, formerly director of the Los 
Angeles County Museum and president emeritus of 
the International Council for Bird Preservation, has 
heen awarded the Addison Emery Verrill Medal of 
the Peabody Museum, Yale University 


Dr. A. R. Barrerssy. lecturer in chemistry im 
the University of Bristol, has been awarded the 
Cordav-Morgan Medal and Prize of the Chemical 
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Socety. mp comsideration of fits work on the stereo 


of emetine and its congeners, an Ll alao on 
alkaloids ancl the 


a silver 


chen istry 
the chemistry of curare 


erin The award consists of 


prize 


Ob 
wid a monetary 


Iron and Steel Researeh Association 
open days at its Shettield 
and Further 


the Association, ll 


British 
holed 
ities 


will Laboratories on 


information is avail 


able from Park Lane, London. 


W.l 


meeting of the Parasitology Group ol 
the Institute of Biology is to be held at Wills Hall. 
Bristol. during April 1) 13 Included in the pro 
will be an invited address by Prot. ¢ ¥ 
‘The Host Molecular 
Parasitism information can be 
obtained from Dr. L. P. Joyner, Central Vete: 
Laboratory, Ministry of Agriculture, Fisheries 
Food, New Haw, Weybridge, Surrey. 


spring 


Read on Parasite Interface 


of Further 
mary 


and 


A. poSTGRADUATE course in nuclear te hnoloyy 
ichemical) is being administered by the Depertment 
of Chemical Engineer ng and Chemical Te chnologs 
Lrnpe rial College of Science and Technology. London 
lhe course is to be full-time and of one vear’s dura 
tion. Applications for admission should be made by 
June 1 to the Registrar, Imperial College ot 
Science and Technology, London, S.W.7, from whom 
further information and application forms can ly 
obtained. 


Two lectures on “Recent Advances in the Radia 
tion Chemistry of will be 
hy Prof. Gabriel Stein of the Department ot Physical 
Chemistrv. Hebrew University ot Jerusalem, at the 
Limp rial College of Scrence and Technology. London 
May 3.10. The first lecture 
processes In aqueous and 


Aqneous Systems given 


will be on basi 
the 


mterest 


during 
second on 
Further 
Swallow 


solutions 


some svsatems of biochemical 
information can be obtamed from Dr. A. J 
Department of Chemical Engineering and ¢ hemcal 
‘Technology Prince Consort Road. London, W 

European Assocrition for Research on Plant 
Breeding is holding a conference on Environmental 
Factors in the Distribution of Fruit Varieties” at 
Het Huis de Provincie, Arnhem, during \pril 27 2s 
The programine will include two namely 
on loeal growth conditions and 
relations 
the 


Box 


POPES. 
(1) surveying work 


plant responses ; (2) analysis of causal 
Further information 
Institute of Horticultural Plant Breeding. 


16. Wageningen. The Netherlands 


from 


ean be obtamed 


Ture British Leather Manufacturers Research 
Association is holding open days at its Laboratories. 
Milton Park. Egham. Surrey, during May 2-4 
Included im the programme are two lectures, one by 
Mr. H. Bradley. director of research. British Boot, 
Shoe Allied Research Association, on 
“Requirements of Shoe Industry from the 
Leather Industry”. the other by Dr. K. W. 
Pepper. director of the British Leather Manufac- 
turers’ Research Association, on Adhesion in the 
Manufacture of Leather and Leather Goods”. Further 
information can be obtaimed from the director at the 


Trades 
the 
and 


and 


Laboratories 


Erratum. In Nature of March 18, p. S65 column 2. 
line 16, for ‘Melville’ read 


: 
4 
i 
i 
7 
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THE PRESENT STATE OF ERGODIC THEORY 


By Da |. E. FARQUHAR 
Queen Mary College, London 


PUL pOse of ergodic theory is to ¢ talolish 
ana 


approach 


HE 
the mecessary sufficient conditions for a 
“\Vstern to equilibrium from mon 


It does not detine the manner 
that 1 


equilibrium situation 
n which a system approaches equilibrium ; 
transport theory 
theory has, in fact, 
of a mathematical existence theorem, and it possesses 
both the strength and the 
Its strength lies in its generality 


the characteristics 


mee Oo 


sccordinaly, weakness of 


such a theorem 
t deals with arbitrary physical systems in arbitrary 
situations Its weakness appears whenever attempts 
are made to apply it to any specific physical situation 

Che conditions for the 


juality of time and ensemble averages, un cla sical 


rocedure is to derive 


functions, and in 


values of 


Here 


there is illustrated one example of the lack of specitic 


STatIstics, 


of phase 
statistics of expectation operators 
application of theory, tor the time averages 
considered are evaluated 
To interpret these time averages physically, 
physically during the 


always over an unifinite 
pe? od 
observabl 


that is, as values 


time intervals occupied by measurements on the 
ayatem., it is mecessary to assume that the appropriate 
relaxation time of the system is much shorter than 
the duration of the measurement. Yet ergodce theory 
in itself provides no estimate of thus relaxation time 
o> that, to apply ergodic theory m any specific cas 
be had either to other theory, 
nent, m order to obtain relaxation 

me. Further. just as it says nothing about values of 
vields no inform 

coefhcients, 


ecourse SOs 


relaxation times, so ervodic theory 

ion regarding values of transport 

Ithough it is perfectly consistent with the occurrence 
of transport processes 

In classical Birkhoftt theorem! remains 

It asserts the equality of time and ensemble 

on the surfaee of con- 


eorre spond ng 10 the 


stat istics, 
averages almost everywhere 
stant energy im phase 
nergy of an isolated svstem, provided this energy 
This is 


are 


space 
omposable 

that there 
motion 


trically 
the requirement 
integrals of the 

It. has. in fact, been shown? that time 


is 
equivalent to 
mvariant 

the energy 
are equal, almost every where 
which is 


and ensemble averages 
on the reduced manifold in phase space 
defined by the set of ail invariants of motion of the 
svstem 
Although 


criterion for ergodicity. 


thus a 
the trouble is that it is not 
the motion an 

Hence, efforts 


metrical indeecomposability is 


known how many invariants of 
arbitrary physical svstem possesses 
have been made to eimreumvent the 
metrical indecomposability by restricting the seope 


of the theorems 

One method of doing so is to give full we cht to 
the fact that statistical mechan’es deals with macro- 
Birkhoff's 


scope systems 


* Substance of paper at a conference on Statistical Mechanik anal 
irreversibility” arranged by the Institute of Physics and the Physical 
Society and held at Que Mary College, London, during December 


independent of 


question of 


theorem is a result of 


ndependent o thre number of 


But it 


general 


freedom of the system may be 
inquired whether and 
equal asyraptotically im the limit as the number ot 
degrees of freedom of the infinite 


An asymptotic ergodic theorem of this form, without 


degrees of 


time ensemble averages arte 


svstem becomes 
any requir ment of metrical indecomposability, has 
restricting the cless of 
behaviour of which is 
i to the 


Khinchin® by 
phase frunetions, the ergodu 
required Khinchin = 
functions the phase dispersion of 
Tunetions 


been given by 
restriction class of 
which is 


ph 
which 


small. although it is only for 
are of corresponding Tunetions for the madividual 
molecules of a system with separable Hamiltonian 
that Khinchin has shown the phase dispersion to hy 
sirkhoff's theorem 
non-ergodie, WKhinehin’s 
result that the departures 
vanishing! \ 


In certam cases where 


asserts that system ts 
approach gives the positive 
behaviour os nevertheless, 


limit of an infinite mumber of degrees 


from ergodr 
small im the 
of freedom. 


In all these 


and sO 


theorems are valid ‘almost 


coarse-graining’, 


eases, the 
form of 
req ireck to 
phase 


overvwhere 
ave al 
pots 


by imtroducimg phase eels, 18 


effeets associated with exce prional 
from showing Tag) 

In quantum statistics the basic treatrnent has been 
that of von Neumann!,.avho showed how phase cells 
may be defined 


quantum-mechanical 


operators 
with the 


and ‘coarse-grained 
which are consistent 


comimnutation rules It is im terms of such Coarse 
urained operators and corresponding 
that 
making use of the 
reflected) m the high density o 
von Neumann established an 


mitre 


thermodynamical 
macroscopic maturs 


distributions properties are 
deseribed. By 
of the 


quantiim energy level 


system, here t 


theorem. but only at the expense of 


averaging over all possible coarse cis 


ergodic 
ducing an 
tributions these are 
Without 


eliminate 


treated as equally probable 


such an averaging, von Neumann could not 
reference to the part i ular coarse vrained 
distribution Von Neumann's proof depended 
on the Hamiltonian of the non 
degenerate and this requirement of non clegreneracy 
regarded as the quanturm-mechanical 
to the classical 


came to 


ergodicity condition, analogous 
criterion of metrical indecomposability. 
recentiy® that von 
vield any 


may be 


However, it Was shown 
Neumann's 
eriterion for ergodicity, 
carried through even if the 
erate It is the 
of equal a preort probapilities for coars« 


argument does not im fact 


since his proot 
Hamiltonian is 


Neumann s 


cle ven 
assumption im Vor 
approach 
distributions, that leads to the result that all systems 
This overstrong assumption removes 
possibility of obtaining ergodicity 
conditions’, but also any requirement on the time 
evolution of the system other than that the norm 
of the In particular, the 
time evolution operator need not be unitary®. The 
assumption of equi-probability of coarse distributions 


are ergodie 


mot only the 


state vector be constant. 
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this treatment too 
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n attacked!’ on the grounds 


Ervodie theory has be 


that it is not of phy ical to consider, as 


t an isolated system. Two points may be made 


in the attempt 


loes, 
relate dvnamical and 


nodvnamcal properties of a vstem, 
ergodic 


Stem of 


st be 


once 


provides only 
has been ati ml, 
hitherto 


dtoa large heat bath, aru 


yiour 
comb ne«l 


+ then regat led ‘he interaction 


en svstem and surroum Secondly, 


introducmge eversibilitv’’ by 
boundaries of a 


justified in 


who favour 


wav of external influences at the 
non-isolated system do not appear to be 
arbitrarily that these external influences 
Although 
regarding probabilities appear von 
Neumann's and in the Italians’ treatments, this 
assumption 1 fers to methods of handling the system 

The pt ons 
of disorder’, in the 


we wk on 


arbitrary assumption 


are rancaom 
hoth im 


rather than to the system itself 


therefore are not 
in which the 
theory 

The work of van Hove!" on 
not fall within the province 
it deals with particular systems and seeks to 
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kinetic 
naster ¢ quat ons 


of ergod c the orv, 


does 
since 
study in detail their time-development It seems, 
however, that a generalization of this approach ThaVv 
well prove to be a most fruitful method of studying 


the approach to equilibrium of arbitrary systems 
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TERPENE CHEMISTRY 


organized 

the Society, the 
Chemistry Department of the Imperial College of 
Science and Te chnology on February 23, and attracted 
an audience of more than two hundred. The pro- 


was held in 


\ SYMPOSIUM on terpene chemustry, 
i by 


Chem al 


vramme consisted of six main lectures. 

The first session was opened by the pres:dent, Sir 
Alexander Todd. who gave a warm welcome to the 
speakers and visitors from abroad. Prof. E. R. H 
Jones was chairman of the opening session, in which 
the first ‘Terpene Compounds with Ten- 
membered Rings’’ was given by Prof. F. Sorm, of 
Prague. After a brief historical introduction, the 
chemistry of germacrome, a typical ten-membered 
eyelic terpene, was reviewed in detail, special refer- 
ence being made to the trans-annular reactions which 
are so characteristic of this series A theoretical 
treatment of the non-classical interaction of double 
bonds in this series was also provided. Further 
examples of strive tural determinations of this class of 


paper on 


terpenes were provided by costunolide, balehanolide 
and isobalchanolide, cnicin, seabiolide and parthen- 
olide 

Later, Prof. B. C. L. Weedon (Queen Mary ¢ 
reviewed his recent work on structure determination 
and synthesis of carotenoids and their biological 
precursors. Particularly striking results have been 
achieved with the aid of nuclear magnetic measure- 
ments carried out and interpreted by Dr. L. M. 
Jackman at the Imperial College. Examples included 
spirilloxanthin, spheroidene and the paprika ketones 
capsorubin, capsanthin and capsanthone. Physical 
methods have also been applied successfully in 
determining the structures of a variety of hydro- 
lycopenes, for example, phytoene, *.carotene and 
believed to be biogenetic inter- 
mediates of carotenoids. New methods for build- 
ing up the earotenoid ring were 
described as part of the syntheses of canthaxanthin 
and astacene 


ollege) 


neurosporene, 


systems also 


4 
thus leads to results which are too of 
! slidate ot 
coarse distribution theo 
An alternative propos behi 
recent papers by an lj: inter 
not over all coarse distribu coup 
but over all mut system 
the 
any 
operaml of the system | 
To 
treatrient 
ny the a 
listributio 
it 
n 
ik 
of Statistical Mechani 
Proe. Rou, Soc., A239 
111, 668 (195 “ 
114. 948 (1959 Prosper we 
lath. Ph 1, 244 (190 cee 
1, 218 (1960 
the press) 
23. 441 25, 26- 
= 


NAT 


April 1961 


After lunch, Prof. D. H. R. Barton introduced Prof. 
O. Jeger (Zurich), who discussed the structures of a 
series of oxidation products of the diterpenes manool 
and sclareol. Many of these had potential values im 
the perfumery industry, and evidence for the struc- 
tures suggested was based on numerous physical 
measurements as well as chemical degradations and 
correlations with other diterpenes degradation pro- 
ducts ; a notable feature of this symposium was the 
extensive which chemists are making of nuclear 
resonance measurements im structural 
problems. Prof. H. C. H. Erdtman (Stockholm) then 
correlated, so far as was possible, the distribution of 


tic 


terpenes among the various orders of the Coniferae 
and stressed the taxonomic importance of this group 
of organic compounds. This extensive survey will 
have far-reaching effects on biogenetie studies cof the 
the course of the work several new 


terpenes ; im 
overed and the elucidation of these 


terpenes were cise 
was also described. 

final session, the two papers presented 
the determination of the structure of the 


structures 
In the 
related to 


AUSTRALIAN ARID ZONE 


Technical Conference was held at 
curing December 5-9 
tham seventy 
of organizations and 


N Arid Zone 
Warburton, 
It was attended 
representing & Very 
Several 


Victoria, 


by more delegates 


Talige 
overseas Visitors we ibs 
observers, including Dr. P. C. Raheja and Dr. Y. 
Satyanarayan (Central Arid Zone Research Institute, 
India), Dr. M. H. Aslan (Desert Range Research 
Station, Egypt) and Mr. M. U. Khan (Meteorological 
Service, 
The 
SESSIONS 


the 


geole 


sciences ‘Te present 


Pakistan) 
Was organized 
In Session 1, the physical characteristics of 
zone were outlined in of 
Bureau of Mineral Resources, 
\. Mabbutt. 
Research Organiza- 
C.S.I.R.O.), Canberra), soils (C. G. Stephens, 
Ack laidle), vegetation N.C. W Beadle, 
University of New England, Armidale), and climate 
(H. L. Ashton, Bureau of Meteorology, Melbourne). 
This material was primarily descriptive im nature and 
tor 
probk 


mo nine mayor 


Australian arid terms 
(L. C. Noakes, 
Canberra), geomorphology 
Industrial 


Common- 
wealth Seientifie and 
C.S.LR.O., 


a cont inent-wicde background those 
not directly 


or concerned with only one geographical locality in the 


provided 
scientists active in ard zor 
aril 

sons 2 and 3 were devoted to the principles and 
probl of plant and animal production and 
husbandry, and formed the central basis of the con- 
ference Review papers were presented on plant 
production (R. O. Slatyer, C S.T.R.O., Canberra), and 
utilization (R. M. Moore, C.S.1.R.0., Canberra), and on 
animal production (W. V. Macfarlane, Australian 
National University, Canberra), and animal hus 
bandry (G. R. Moule, C.S.T.R.O., Prospect and J. H. 
Whittem, Animal Industry Branch, Alice Springs) 
and an additional thirty-four contributed papers 
covered a wide range of specific subjects within these 
fields of research. In Session 2 data were presented 
indieat img that the existing communities are rela- 
tively mefficient im the conversion of rainfall to plant 
material, and that this phenomenon is due in part to 
extreme soil mineral deficiency and the physiological 


Tis 


U R 19 

complex terpenoid bitter prince lerodin Prot 
Johnson. as chairman, introduced Prof. Monteath 
Robertson, who deseribed the potentialities of the 
X-ray method the elucidation of 
structures of molecules contaming up to one hundred 


pole, 


iffraction im 
atoms (other than hydrogen). 

Prof. Ir \ 
illustrated the general points by discussing the case 
of clerodin (as a simple derivative) in detail. This 
elegant work was only one of several simuar topies 
solved by this method in the Glasgow laboratories 
Prof. Barton, in his usual lucid style, then discussed 
the underlying of and 
showed how the had been derived on the 
basis of chemical degradations. His work was also 
complementary to the nuclear magnetic resonance 
carried Dr. Jackman, who 
described this aspect problem. In the 
ensuing discussion, Dr. H. Overton (Glasgow) 
outlined his elucidation of the stereochemistry 
of the bitter principle, columbin. 
A 


Sim, then 


Robertson’s colleague, 


chemistry this substance 


structure 


measurements out by 
of the 


K. 


W. 


JOHNSON 


TECHNICAL CONFERENCE 


ics of the individual §pecios, 
as well as to the low and intermittent rainfall regime. 
Experimental data also on the 
of introducing new plant species and the 


and ecological characterist 
were prese nted 
poss bilities 
problems associated w ith the r establishment, persis- 
tence and natural dissemination. This information, 
together with a recognition of the desirability of con- 
centrating water run-off for more effective use, led to 
the general of concentrating effort for in- 
creased plant production on the most favoured parts 
rather than attempting a blanket 


concept 


of the landscape, 
improvement of the whole countryside. 

The management of the pasture communities under 
grazing is of special importance under arid conditions, 
partly of the need to maintain reserves of 
perennial evergreen species for drought reserve and 


because 


partly because of the delicate plant-climate balance 
and the ease with which communities can be damaged 
by overgrazing. Also, efficient utilization is influenced 
by property development, particularly by spacing 
of watering points and fencing. It was considered 
that the most advantageous developments in this 
field can only be achieved if the requirements and 
responses of the animal are also considered. In conse- 
quence, integrated studies of both plants and animals, 
with the development of range condition standards 
and management procedures, was recommended. 
The main form of commercial production in arid 
areas in Australia appears likely to remain some form 
of animal production and this will be restricted mainly 
to sheep and cattle. In Session 3, it was emphasized 
that there is need for more information about both 
but particularly cattle, and with special 
reference to adaptation, nutrition and reproduction in 
the more tropical parts of the zone, where there is at 
present active development of the cattle industry. 
As any widespread change in the level of nutrition 
in the more arid areas will probably be a slow process, 
emphasis was placed on the need to breed better 
adapted and better producing animals, either by 
selection within the genetic material already in the 
country or by introducing new genes. Evidence was 
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ven of advances nthe first field, and it was also inchs 
cated that the determunation of selection criter a could 
be assisted by more basic physiological study, one par 
ticular xarnple being potassium levels in the blood 

To a lara ent, the cattle population of the arid 
s lesser extent the sheep population, exist 
ks. Whuik 


the rh 
introduced agaunst 


area and to: 
wild herds and fle 


aft 


aims bring. mug under better 
Control, 
a background of almost complete lack of quantitative 
nformation on thy the herds and flocks, 
lrink ng and grazing habits, reproductive pat 
the and their 


was recom 


nt tices are 


ecology ot 
their 
terns, mature and time of mortalities 
ndividual, group and herd behaviour. Lt 
mended that a detailed study of these, 


developed by 


using ecological 
na hay oural hee wild lift 
shou 

Sessions 4-7 dealt with aspects of water and im 
luded a review paper (R Soil Conservation 
Condobolin) and contributed papers on soil 
conservation, underground water, irriga 


cologist be encouraged 

Powles, 
service, 
and 


on and mp al aspects s ich as the suppression ¢ 


water 


evaporation from water storages, the sealing of earth 
lames, the of 
ulvection phenomena im ar d zone 
of evaluating quantitatively the 


demineralization, and significance 


mrigation areas 


The importance 
distribution and nature of occurrence of the limited 
wate! For maximum 


effectiveness it was suggested that such an inventory 


resources ¢ mphas zed. 
should reveal the dvnamie characteristics of individual 
aquifers and catchments, and since it is impossible, 
at present, to envisage the appraisal of all water 
resources in this manner, it was proposed that a 
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adopted ino whiel 
type defined lands 
patterns (land studied thy 
results extrapolated as widely as possible, 
dealt human settlement m 
regons and included contributions on demography 
(W. D. Borrie, Australian National University, Can 
berra). human function (W. V. Macfarlane. Australias 
National University, Canberra) and human organiza 
tion (R. K. Maepherson, University of Sydney) im the 
Australian arid zone. It was apparent that there is 3 
tendeney in Australia to take arid zone environment- 
for granted with all phys’cal dliisabil 
The cont 
to make 


Svstermatic approach should bye 


selected situations within 


systems) could be and 


Session with 


ties and other 


stresses on hurman beings rence stresse 
that much could be done 


more 


living condition. 
acceptable 

The conference was impressed by the 
following the 
problems by the representatives of many ad fferem 
disciplines and stressed the need to define, in biologica 
terms, the problems of plant and animal productios 
fic to the Perhaps the mau 


ga ned 


wivant aye- 


from combined won of 


spre arid zone ecosystem 

amoney 
eficrent 
production from arid and semi-arid areas Ther 


research entered a 


HHpression wis general confidence 


delegates that research would achieve more 


evidence of having 


itarive 


Wiis much 
phase in becoming 
available Th 
particularly applied in such fie lds as mineral resources 
geomorphology. 


which data were 


to replace subject Ve estitnates 


hydrology. mcroclhimatology 


and animal phys ology. 
and hnuman physiology 
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FUTURE OF NATURAL FAUNAS 
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tion of British Zoologists was held at the Zoo 
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of “Looking 


reo 


ixth annual meeting of the 
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Wis 
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for re 
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for 


‘ inphasized 


purposes. Sir 
of the 
factor of conservation and he pointed 
recognized as a 

ture of the fa oft 
the but the 


as bacl as he thought it would 


animals 


the tourist trade 


ae an 


out that parks were alre: being 


source of tribal price ima 


East Africa wi: 


situation Was not nearly 


balance, 


is cert 


be when he went out there Sir Julian coneluded 
by directing attention to the Arushu 
in Tanganyika in September, which was being organ 
ized by the International Union for the Conservation 
of Nature and other th the object of 
influencing African public opinion towards conserva 


of meluding 


conference aut 


ayvencies 


t and the wise use natural resoures 


wild life 
Mr May. 


Conservancy 


Natur 
virtuall 


premereti, 
the 

population 


future of the 


Nicholson (dure 
said that apart trom 
unpredictable effeets of hia pressure 
during the next forty vears, Britis} 
fauna depended to a great extent on « limatic Changes 
‘These brought the 
ageney barrage Bering 


Strait, 


eto 
t he 


about 
the 
by 


might inelude sori by 
ot man 


the break up of Aretic k-ice 


the reversal of flow of some of the big Russian 


slid h as a across 
ators 
means, 
rivers and the flooding of depressions in the Sahara 
The consequent the effects 
on the course of the Gulf Stream might well induce a 
Mediterranean type of Britain Bird: 
could be regarded as sensitive indicators of climatic 
change, and it significant that the rook and 
green woodpecker steadily moving north 
Although it was possible that no species would be 
lost in the next forty vears, ther tendenc\ 


towards the replacement of a broad range of special 


rise in ocean-levels and 


climate on 
Was 
were 


Was a 


ized species by a narrow range ol adaptable species 
Among the outstanding hazards to which the fauna 
was the of waterways. 
marshland and estuartes. oil and toxic 


subject were exploitation 
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chemicals, mortality on fast highways, the burning of 
heathland and the sprawling out of cities, Isolation 
was becoming increasingly difficult to find and the 
time might well be coming when it would have to be 
administratively regulated. Referring to the work 
of conservancy in managing and studying what he 
hoped would eventualls 150) reserves in 
Britain, a number full speetrum 
of the country’s natural Mr. Nicholson 
said that people were getting away from the sentim 
ental idea that reserves were places where nothing 
killed. The cropping of vertebrate 
might prove to be the best form of land management 

Dr. L. Harrison Matthews (s 
the Zoological Society of London) said that of the 
three the the 
Pinnipedia and the Sirenia, the future of the whales 
was unquestionably precarious, but as the future of 
was too, the two facts 
There had been a 
international control of 


be 
the 


habitats, 


representing 


resources 


director of 


orders of marine manminals, Cetacea, 


might 
other out virtual 
the the 
populations of the blue whale might be 


whaling precarious 


eancel cach 
break-down in 
situation ; 
it a minimum for recovery and the overall length 
of the fin-whale getting smaller. However, 
with the advent of pelagic factory-ships, whaling 


Wats 


as an economic proposition might stop long before 
the whales were killed off, although the Japanese, 
who hunted for meat. might well go on He thought 
that if carefully managed the future of the 
was reasonably secure; the elephant seal was now 
former haunts the Antarctic 
and the walrus seemed to be holding its own. Less, 
however, could be about the future of the 
sirenids, the dugongs and manatees. The latter 
were now less common than they were in the Carri 
bean, but were reasonably plentiful in northern South 
America. Recent trials had shown that the manatee 
had an unusual appetite for grasses and aquatic 
herbs, and if it could be successfully introduced 
into weed-choked waterways it might become a 
useful and important animal in the ecology of the 
tropics. 

Mr. P. H. Greenwood (British Museum (Natural 
History)) said that the freshwater fauna of tropical 
Africa, particularly the fishes, posed numerous 
evolutionary, zoogeographical and ecological 
problems. Each lake was characterized by a high 
degree of endemism, especially among the Cichlidae, 
which had undergone extensive adaptive radiation 
in the past ten million years. Likewise, each river 


seals 
its 


re-colonizing 


said 
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system was characterized by its own assornblage 
of species co-existing with others of a more general 
distribution. The danger, he thought, was in the 
widespread introduction of species from one system 
or lake to another where it was not endemic. These 
actions were partly the Consequence ot steps taken 
the threat or the fact of the 
endemic Species The results 
little was known 
waters, but they 
the lakes. Mr. 
Species were 
flood streams 
the biannual 


vulnerable 


to counter-balance 
over-fishing of the 
unpredictable 
the overall ecology of 
might well upset the bionomy of 
Greenwood pointed that 
known to run up rivers and temporary 
tO spawn in inundated during 
rains. Such particularly 
to the effeets of flood control and irrigation projects. 
As the future of the two British freshwater stations 
in Uganda and Khodesia was by no means assured, 
he hoped that every effort would be made to ensure 
their continued 

Dr. Peter (British 
History)) reviewed little information 
available about changes in the status of Australian 
mammals, particularly the small marsupials and 
native rodents which had been replaced over immense 
areas by the introduced house mouse and ship rat. 
The introduction of the European fox constituted 
one of the greatest threats to many terrestial forms, 


because so 


the 


were 
about 
out some 


areas 


Species wore 


existence. 
(Natural 
was 


Crowcroft Museum, 


what 


but the available evidence suggested that the arboreal 
marsupials were in no danger. It was noteworthy, 
too. that both the Monotremes, the spiny anteater 
(Tackyglossus) and the dAuck-billed platypus (Orn/- 
thorhyneus) were widespread and abundant in the 
eastern States. Although Tasmania possessed less 
species, it appeared to have a_ better chance of 
preserving them, particularly as the fox had not 
been introduced. The fate of the thylacine or Tas- 
manian ‘tiger’ remained in doubt, but the Tasmanian 
devil (Sarcophilus) was abundant. An important 
new factor in conservation was the recently formed 
Australian Mammal Society, which was stimulating 
research and co-ordinating survey work. This 
should enable further changes to be assessed with 
far greater accuracy. The paucity of information 
about the distribution and numbers of Australian 
mammals in the last century made it difficult to 
distinguish between those changes caused by settle- 
ment and those which were already proceeding 
naturally, perhaps as a consequence of climatic 
changes Joun 


COLONIAL RESEARCH, 1959-60 


WOLONIAL RESEARCH, 1959-60*, follows the 
C pattern of recent reports. It is slightly shorter. 
due in part to the disappearance of a report from 
the disbanded Colonial Products Council, which 
is replaced by a brief report from the Tropical 
Products Institute of the Department of Scientific 
and Industrial Research on work done on behalf of 
Colonial territories. It also includes the fifteenth 
annual reports of the Committee for Colonial Agri- 
cultural, Animal Health and Forestry Research and 
the Colonial Medical Research Council, the sixteenth 
annual report of the Colonial Social Science Research 


* Colonial Office. (Colonial Research, 1959-60 : 
1215.) (London: H.M. Stationery Office, 1960.) 
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Council, the thirteenth annual reports of the Colonial 
Economic Research Committee and the Colonial 
Pesticides Research Committee, the fifth annual 
report of the Colonial Road Research Committee, the 
annual report on fisheries research of the Colonial 
Fisheries Advisory Committee and reports from the 
Tsetse Fly and Trypanosomiasis Committee and the 
Director of the Anti-Locust Research Centre. Besides 
the annual report on Colonial research, there is a 
section dealing with research matters not covered by 
the reports of the specialist advisory bodies, and this 
refers to building and housing research, industrial 
and engineering research, meteorology, and geological 
surveys, as well as to the work of the Falkland 
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Islands Dependencies Survey and of the Man-power 
Research Unit, 

The annual report on Colonial research notes the 
dissolution of the Research and 
afterwards of the Colonial Road Research Committee, 
in June 1960, and of the Colonial Medical 
Comumnittee, in July 1960. The functions of the forme 
have been absorbed by the new Committee on Over 
Road Research, which will the Road 
Research Board of the Department of Scientific and 
Industrial Research, and also the Colonial Secretary, 
Those of the latter have 


fesearch 


Jamaica 


Colonial Couneil, 


Research 


advise 


on Colonial road research 
been absorbed by the new Tropical Medicine 
Board set up by the Medical Research Council, and 
the new Board will advise the Colonial Secretary, 
through the Medical Research Council, on all medical 
research in and for the financed from 
Colonial Development and Welfare Funds. To the 
work of the Overseas Research Council there is onlv 
the slightest reference the Council is said to be 
considering the retention and recruitment of scientific 
staff for work overseas, and it is stated that the 
Council will be able to call for advice on existing 
research organizations, including the Colonial Re- 
search Advisory Committee : but it is apparent that, 
while these bodies are to keep the Overseas Research 
Council informed of their activities, they are to report 
direct to the Colonial Secretary. 

There is, in fact, nothing in (Colonial Research. 
1959-60, to provide the 
research which the establishment of the new 
seas Research Council might be expected to provide, 
or to indicate that the new Council is likely to be 
mm & position to provide such a conspectus in the 
near future. Nor can any justification be found in 
its pages for the change of name, and the dropping 
of a honoured term to which the Colonial Secretary 
paid atimely and handsome tribute in the House of 
Commons in December. It would appear that 
activities will continue much as before, and there is 
no hint of the vision and imagination that are 
required to seize the opportunities that overseas re- 
search and technical assistance generally now present. 

These opportunities are, in fact, stressed by the 
substantial imerease in Colonial Development and 
Welfare Research Schemes made during the year. 
The 134 new schemes and 82 supplementary schemes, 
involving grants totalling £2.370.261, compare with 
71 new schemes and 63 supplementary schemes, 
totalling £798,974 in the previous year, and brought 
the total allocation to research schemes since 1940 
to £21,864,193. About 42-6 per cent of the £2-37 
million granted in 1959-60 was for agricultural. animal 
health and forestry schemes, 15-8 per cent for medical 
research, 2-6 per cent for fisheries research, 1 9 per cent 


Colonies 


overseas 
Over- 


conspectus ot 


for tsetse and trypanosomiasis research, 2-1 per cent 
for social science economic research, 23-7 per cent for 
pesticides research, 2-4 per cent for products research, 
and 7-1 per for About 
33-5 per cent of the gross allocation was for schemes 
to benefit the East African territories, 7 per cent for 
the West African group, 15-5 per cent for South-East 
Asian territories and Hong Kong, 12-5 per cent for 
the West Indian Colonies, British Guinea and British 
Honduras, } per cent for the Central African territories 
and 30-5 per cent for other territories or for schemes 


cent anti-locust research. 


of general interest 

Twenty-four new appointments were made during 
the year to the Research Branch of the Overseas 
Civil Service ; 


but the total complement in March 
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1960 was 199 compared with 207 in March 1959 


Two Research Fellows, one studying human trypano 


somiasis at the West African Institute for ‘I rypano 
somiasis Research, and the other investigating 
arterial hypertension in Jamaica at the Universit, 
College of the West Indies. completed their invest: 
gations during the vear; a third Fellow, 
studying the effect of diet on the levels of various 
co-factors and enzymes concerned with carbohydrate 
and fat metabolism at the University College of the 
West Indies was released from his fellowship for other 
research work. ‘Two further research fellowships and 
six research studentships were awarded during the 


> 
Researc h 


your. 

. Although, as already stated, Colonial Research doex 
not provide the conspectus of overseas research that 
might be expected and that indeed is essential, the 
reports of the several specialist advisory committees, 
besides including a list of publications during the 
year, contain much information on research activities 
the direct responsibility of the particular 
committees. That of the Committee for Colonia! 
Agricultural, Animal Health and Forestry Research 
includes accounts of the work 
of the several regional research organizations in 
that field in East and West Africa, and the West 
Indies and of the Imperial College of Tropical Agri- 
culture, and also accounts of research carried out by 
the Colonial Departments of Agriculture, Forestry 
and Animal Health. Similarly, the Colonial Fisheries 
Advisory Committee reports on the work of the 
Sierra Leone Fisheries Research and Development 
Unit, the African Fisheries Research Organ- 


outside 


much the longest 


Kast 


ization, Jinga, the East African Marine Fisheries 
Organization, Zanzibar, the Northern Rhodesian 


Nyasaland Joint Fisheries Research Organization. 


the Tropical Fish Culture Research Institute, 
Malacea, and the Fisheries Research Unit of the 
University of Hong Kong. The Colonial Medica! 


Research Committee likewise reports on the work of 
the regional organizations for medical research, and 
a research undertaken and financed by the Medical 
Departments of Colonial Territories, while that of 
the Colonial Pesticides Research Committee, besides 
reviewing the work done for the Committee by its 
research units at Porton and in East Africa, by the 
Agricultural Research Council's Unit of Experimental 
Agronomy, Oxford, at Long Ashton Research Station, 
at Rothamsted Experimental Station, at the Imperial 
College Field Station, Silwood Park, and by the 
Herbicide Unit of the Regional Research Centre. 
Trinidad, gives more than half its space to research 
not under the wgis of the Committee. The report of 
the Colonial Social Science Research Council has ap- 
pended to it the annual reports of the East African 
Institute of Social Research. the Nigerian Institute of 
Social and Economic Research, the Institute of Social! 
and Economic Research, the University College of 
the West Indies and of the Rhodes- Livingstone 
Institute. The report of the Tsetse Fly and Try 
panosomiasis Committee is essentially an account of 
the work of the regional research organizations in 
East and West Africa, supplemented by a review of 
activities of territorial departments, and that of the 
Director of the Anti-Locust Research Centre on 
Locust Research and Control is no less essentially an 
account of regional and co-operative effort. 

The material is thus largely available for some 
authoritative conspectus of research effort overseas 
and also much evidence of the extent to which that 
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effort is interlocked with Britain 
generally. What is lacking appears to be the authority 
or the will. If the Minister for Science is indisposed 
to accept responsibility which appears to arise 
directly out of his responsibility for the Overseas 
Research Council and the other Research Councils, 
foot by the Colonial 


research effort in 


the inquiry already set on 
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Secretary into the organization of technical assistance 
can scarcely fail to shatter the present complacency. 
It may stimulate something of the reappraisal and 
oversight of the whole of this research effort and its 
adequacy in relation to existing and future needs 
and to available resources of man-power as well as 
of finance that is overduo 


THE PORTUGUESE MAN-OF-WAR 


N a well-produced report on the Portuguese man- 

of-war*, Mr. A. K. Totton and Dr. G. O. Mackie 
have written complementary accounts, natural history 
and morphology by the former, and behaviour 
and histology by the latter. The two sections 
are based, partly on material from the Discorery 
collections, and partly on the results of a three 
months trip to the Canaries. 

Mr. Totton provides a non-technical description 
ot Physalia for the layman and goes on to describe 
its habits, somersaulting behaviour, flotation and 
motion in relation to wind and water. From experi- 
ments at Arrecife he finds that the animal floats 
with its long axis at an angle of about 45° from the 
down-wind direction. He does not accept Woodcock’s 
hypothesis that specimens from the southern hemi- 
sphere are nearly always mirror images of those 
from north of the equator, and the following explana- 
tion advanced by Mr. Totton appears to be much 
more satisfactory : “1 think that left or right-handed- 
ness in a particular individual must be established 
on the first windy day that the larva keeps to the 
surface. The larval tentacle would cause a drag 
on the windward side, so that the float would be 
blown (so to speak) to leeward. As new 
grow this drag would be increased and the part 
of the float from which they are budded wonld 
become bowed out to windward as a bulge, resulting 
fortuitously in a left- or right-handed individual 

The main part of Mr. Totton’s report, however, 
is a detailed re-investigation of the complex budding 
pattern in the cormidial groups of appendages, in 
which he has been able to substantiate and amplify 
the basic work of Huxley, Lens and van Riemsdijk 
Steche and Okada. These structures are described 
in great detail, and there are many excellent photo 
graphs ; but this morphological section would have 
been easier to understand if more stylized drawings 
(like text-figure 
had been used to clarify the complicated pattern 
of budding. 

On origins, the author accepts the well-known 
idea that the ancestral form was a kind of actinula 
with an apical float and that this became colonial, 
as implied by Delage and Hérouard (1901, pl. 28). 
It is further suggested that ‘“‘the evolution of Physalia 
and the other siphonophores seems to be linked 
with that of certain corymorphine, myriotheline and 
margelopsine hydroids ; with Pelagohydra and 
with the so-called Disconantha (Velella, Porpema, 
Porpita)”’. ‘This is a curious assemblage of forms 
because the tubularoids (including, inter alia, cory- 
morphines and margelopsines), the myriothelines and 


tentacles 


26), as well as stereo-diagrams, 


* Discovery Reports: Vol. 30, Pp. 301-408, Plates 7-28, August 
1960: Studies on Physalia physalis (L.). Part 1: Natural History 
and Morphology. Part 2: Behaviour and Histology. By A. K. Totton 
and G. O, Mackie. (Cambridge: At the University Press, 1960.) 70s. 
net 


the so-called Disconantha (Chondrophores) are ver, 
distinct hydroid groups. In particular, the Chondro 
phores have been conclusively shown to be ‘ptero 
nemid’ hydroids (that is, allied to Zanclea rather 
than Tu/hularia) by Picard, but the author seems to 
have overlooked this and much other recent work 
bearing on his problem, Nor does he discuss the 
possibility of siphonophore evolution from a group 
other than capitate hydroids, and, in this connexion, 
the Actinulida have a strong claim for consideration 

There is some confusion in terminology, there 
being, for example, no distinction drawn between 
a hyJromedusan gonozooid (medusa or medusa bud) 
and a disconanth gonozooid (reproductive hydranth 
bearing medusa buds). It is also surprising to 
find that the author equates ‘an asexual replicated 
gonozooid of Velella’”’ with a blastostyle of Climaco- 


codon. Dr. Mackie (p. 372) also promotes this 


same view that the blastostyles of Corymorpha and the 
reproductive polyps of Velella “are alike and homo- 
logous in every respect’, but this interpretation is 
unlikely to be acceptable to hydroid specialists 


On the association of the fish Nomeus with Physalia, 
Mr. Totton does not discuss a new interpretation 
of the immunity of some fish to ecelenterate stings 
put forward by Davenport and Norris. These 
authors. working on Amphi prion and the sea anemone 
Storchactis, demonstrated thet while the thick mucus 
covering of the fish remains intact, the nematocysts 
aro stimulated, but once this is removed (as 
with contact with a net) the fish is vulnerable. Some 
such mechanism may protect Nomeus. 

Dr. Mackie’s plan to investigate the behaviour 
and reactions of Physal’a was broadened to include 
also histology in order to establish, in particular, 
the extent of the nervous co-ordination between 
the different parts of a siphonophore colony. He 
was able to examine the muscular and nervous 
systems, the moesoglwa, the gas gland, the nemato- 
cysts and the histology of the digestive regions, 
the whole being a valuable contribution to siphono- 
phore biology. 

In specimens of Physalia exposed to the wind, 
the crest or sail is erected, and, although the way 
in which the wind acts has not been determined, 
any stimulus causing an overall tightening of the 
float musculature will normally result in crest 
erection. Dr. Mackie aptly deseribes the mechanism 
as reminiscent of a pnoumatic tyre with an inflatable 
rubber the tube corresponding, of course, 
to the pneumosaccus inside the float. 

Space does not allow full consideration of these 
exceptionally well-illustrated reports, but the fate 
of the gonophores, the great puzzle in Physalia, 
remains unsolved; it is suggested that the eggs 
undergo development in the depths. 
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LTHOUGH a bet ween CCOTRLOTIILE 
depressions and other social 
such as war-—with the origin of delinqueney in 
children has long been suspected, little statistical 
evidence to support the hypothesis has been availabk 
The evidence is now brought out ina report published 
by the Home Office Research Unit, entitled Delin 
quent Generations*, which shows that the peak of 
the effect is shown to occur not for those children 
born during the 1939-45 War, but for those born 
during 1935-42 children large 
proportion of whom passed through their fourth 
to tifth year during the War, suggesting that the 
social disturbances which oceur during the fourth 
and fifth year of life may have a greater effect than 
at other ayes 
The analysis is based on criminal statisties for the 
period 1946-57 for each vear of birth from 1925-26 
to 1948-49. The developed from 
simpler analyses to a complex process of standard 
ization. In the first plac» the crime-rate for eight 
vear-old male offenders is followed from 1946 to 
1957, and this shows that the crime-rate was least 
(for this age) when the number of children of that 
age was greatest; the statistical work also shows 
that, for children born after the War, there is a posi 
tive correlation between the number of children of a 


catastrophes 


These are 


argument Is 


* Home Office. Delinquent Generations a Home Office Research 


Unit Report. (Studies in the Causes of Delinquency and the Treatment 
of Offenders, No. 3.) By Leslie T. Wilkins. Pp. iv+19. (London 
H.M. Stationery Office, 1960.) 1s 
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\ JHILE economic development usually reduces 

general morbidity, it has been found in a 
number of countries that improvement of irrigation 
networks has resulted in the spread of bilharziasis 
Ways of dealing with this growing menace were 
studied at the second African conference on “Bil 
convened jointly by the World Health 
Organization and the Commission for Technical 
Co-operation in Africa South of the Sahara, and 
held during March 30 April 8, 1960, in Lourenco 
The report, which has just been published, 


harziasis’ 


Marques. 
constitutes a general assessment of the present 
bilharziasis control situation in Africa where “the 
pressing problems of control are related rather to 
the deployment of skills, materials and work than 
to the uncertainty of methods’’* 

Assessment of morbidity is complicated by the 
chronic nature of the disease which may be recognized 
only if it entails a period of incapacitation for work 
Of the three phases of the disease deseribed in the 
report, the conference considered tne last that of 
irreversible pathological effects and sequelae— to 
be by far the most significant from both the public 
health and the SOCTO-CCOTLOTIIIC point of View, The 
report directs attention to the pulmonary effects of 


* World Health Organization. Technical Report Series No. 204 
Second African Conference on Bilharziasis (WHO/CCTA), Lourenco 


Marques, Mozambique 0 March-S April, 1960—Report. Pp. 37. 
freneva World Health Organization London 1.M. Stationery 


Office, 1960.) 1 Swiss franc Le, tad 0.30 dollars 
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given age at risk and the crime-rate for that age 
whereas for pre-War births the tendency is towards 
a negative correlation. 

In 1948, with one of the smallest populations 
of eight-year-old boys, the crime-rate for this age 
was the worst for any year of the period studied 
‘There was a continuous and marked improvement 
intil 1956, with 1955 showing the lowest crime-rat¢ 
(together with the peak of the population bulge 
Not only did eight vear-old boys have the worst 
crime-rate in 1948 but also the highest crime-rate for 
seventeen-yvear-old boys oceurred in 1957, when this 
same generation was seventeen years old 

Analyses of this kind are then generalized for al! 
ages from eight to twenty years of age, for both 
males and females separately in England and Wales. 
and for males in Scotland. It is interesting to find 
that the same patterns of crime-proneness apply to 
both sexes and to hoth Seotland and England. 
notwithstanding that the rates at different ages 
are not at all similar 

Another finding is that youths between seventeen 
and twenty-one in 1955 and onwards, who would, 
according to the general findings of this research, 
have been expected to be exceptionally delinquent 
because of the effects of the War, have in fact been 
even more delinquent than could have been predicted 
Kither some new and different factor has operated 
during recent years, or the earlier influences have an 
additional effect at adolescence. 


S. haematobium infection, and to the fact thet eggs 
may sometimes be recognized in the sputum of 
patients. Methods of assessing morbidity are re- 
viewed, and the advantages of certain methods 
brought out. 

The merits of the various types of classic mol 
luscicide (copper sulphate, pentachloriphenate) and 
also of the more recent products (Bayer 73, LCI. 
24223, and ‘Aqualin’) are examined, together with 
ways in which these products are used in African 
territories. Water management, land use and agri 
cultural practices were examined at length in relation 
to the transmission and spread of  bilharziasis 
Some countries in the African region have adopted 
legislation relating to the control of communicable 
diseases, and the report cites an example of one 
law which might be modified and adapted to loca! 
health and economic conditions elsewhere. Methods 
of irrigation and agriculture and of bilharziasis 
control aspects of engineering techniques applied 
to watercourses, ponds and reservoirs are studied, 
and the frequently neglected possibility of using 
rainwater is also touched on. 

In addition to the steps taken to improve irrigation 
plans, it would be desirable to construct bridges and 
culverts, to install safe washing and bathing places 
and at the same time to develop an effective health 
education programme so that people may be made 
aware of the danger of natural waters. 
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VELOCITY OF LIGHT IN A MAGNETIC FIELD 


By Prot. THOMAS ERBER 


Department of Physics, lilinois Institute of Technology, Chicago 


ECENT advances in several areas of technology. 
in particular the production of very high stead) 
and pulse-imploded (~ 30 

fields, have brought closer the 


(~ 0-25 megagauss) 
mevagauss) magnet i 
prospect of the experimental observation of a mumber 
of vacuum polarization effects. It seems appropriate 
at this time to make a preliminary survey of some of 
these possibilities and to provide some evaluation 
of their technical feasibility 

I begin by recalling that 
magnetic effects quantum 
essentially through the diagram presented im Fig. | 
This depicts schematically the dissociation of a 
photon into an electron-positron pair, usually virtual, 
which is afterwards annihilated to re-create a photon, 
The arrow symbolizes an external electromagnet i 
field (it may be another photon) which exchanges 
energy and momentum with the pair in the inter 
state. In this sense quantum electro 
rise to light-light and light-field 


non-linear eleetro 


enter 


mediate 
dynamics gives 


mnteractions 


Fig. 1 


Suppose the original photon is propagated im the 
:-direction and that the arrow represents a constant 
magnetic field the lines of flux of which are im the 
y-direction. One then finds that the real part of the 
index of refraction of the vacuum stressed by the 


external field is given by'-?: 


here 


137° 


~ 4-5 x 10° gauss: 


mc? 


v is photon frequency ; m, electron mass; B, ex- 
ternal field (gauss): classical electron radius. 
N(y) is @ very weakly varying function of y in 
almost the entire range of practical interest. For 
photons polarized in the direction of B, that is, the 
y-@xis, one may take N(y) ~ 0-2 in the range 
9 ¥ < 0-1; for photons polarized perpendicularly 


to B ow similar approximation gives N(yz) ~ 0:3. 
Further details are contained in Toll’s thesis*. 

[ now consider a number of applications : 

(1) Cotton-Mouton effe Equation (1) essentialls 
says that there is a selective slowing down of light im 
& transverse magnetic field. By using polarized 
light and exploiting N, # Ny one can achieve a 
rotation of the plane of polarization. This is in 
complete analogy to the transverse double refraction 
of optically active media (even to the B* dependence 
and therefore deserves to be celled a ‘Cotton—Mouton’ 
effeet. From these remarks it follows readily that 4, 
the angular rotation of the plane of polarization 
(radians) is given by 

I 
15 27.8 


where / is the path-length and /% is the wave-length 
The key point of this approach is the enormous help 
of the factor //A. Assuming a field of 3 10? gauss* 


and a path-length of about 10° em. one finds 


radians 


At this point it is clear that it would be advan 
tageous to choose a ? into the y-ray 
Unfortunately the experimental means for measuring 
§ are very poor at these frequencies. Since the pulse 
imploded fields cannot be maintained for periods 
longer than about ly the accurate y-ray 
polarimetry possible with the Mésshauer effeet cannot 
be used. 

In the optical range one sacrifices } but has some 
compensat mug aivantages : (a) The short working 
times permitted by the pulsed fields are no longer 
prohibitive since rapid shuttering (Kerr cells) and 
sufficient intensities are available. (6) Path folding 
techniques may be used for maximum exploitation of 
the available volume (c) Very 
measurements of 6, down to at least 
~5 10-7 radians, are possible’. It seems likely 
that a moderate extension of present techniques 
would make the experiment represented by (3) 
feasible in this region. 

(2) Refraction of light Experiments of this type 
have the unique advantage of not requiring large 
field volumes; the non-linearities arise from the 
mere presence of an interface between a field anid 
field-free region of space. This is particularly suited 
to the pulse-imploded fields since their strong point 
is the creation of a magnetic ‘shock’ travelling ahead 
of the detonation wave. By suitable arrangement of 
the explosive charges it should be possible to focus 
these magnetic waves and enhance the non-linearities 
through field superposition. The observation of 
refraction effects then becomes the analogue of 
ordinary schlieren photography. 
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An extraordinarily sensitive retraction experiment 
of this kind has been performed by Jones*: Using 
& Static magnetic field of 8000 gauss shaped n the 
form of a prism with apex angle ~ 100°, he looked 
for a deviation with a ‘light lever’ capable of sensing 
radian In ths 


an angular deflexion ~ 5 x 10°" 


Ap 1~ 44 10 (4) 


where 6 is the angle of defiexion. No effect was 
observed. For such feeble fields this follows readily 
from (1): We have directly that 


An ~ B 10°? ~ 6-4 (5) 


which is many orders of magnitude below the limit 
set by (4) Even for the largest static field con- 
figurations at present contemplated? An ~ 6 1o-™, 
which is still far too small. For the pulse-imploded 
fields, however. An ~ 10°'*, and this begims to come 
into the realm of practicability It remains to be 
seen whether the development of intense pulsed 
optical maser (laser) sources will facilitate the con- 
struction of sensitive ‘fast’ levers. 

(3) Interferometric exrpervme nts: These are among 
the most straightforward means of detecting a 
variation in An. With conventional interferometer 
arrangements : 


An=6all (6) 


where 3 is the fringe shift and / denotes the effective 
interferometer length. Assuming values of 1 ~ 10° 
em., A~ 5 10-* em., and an optimal 3 of about 


10-3, one estimates® : 


An ~ 5 x lo’ 

Comparing with (5) it becomes evident that this is 
at least six orders of magnitude too large. This 
experiment has already been tried by Farr and 
Banwell® using a static transverse field of about 
20,000 gauss; essentially no detectable shift in An 
could be established. It is interesting to note that 
Jones’s gain of 10° in absolute accuracy is partially 
off-set by a factor of 1/6 in relative accuracy due to 
the lower field intensity. This emphasizes agai the 
erucial importance of high field strengths in the 
detection of non-linear effects. 

Interferometric techniques will undoubtedly reay 
great benefit from the introduction of coherent 
sources of optical radiation. Unfortunately it does not 
seom likely that this will make the velocity-shift 
experiments any easier. Laser sources will simply 
relax the present limitations on /; this still leaves 
the very considerable problem of providing expensive 
and elaborate equipment for manufacturing large 
magnetic volumes. A likelier avenue of improvement 
lies along an increase in the accuracy of measuring 
phase shifts. Coherent light could in principle b: 
heterodyned to produce signals in a convenient radio 
froqueney range; rapid §-determinations down to 
about 10-4 would then seem to be feasible’. 

(4) Dispersion effects: The abrupt shift in the 
accepted value of the velocity of light (a change of 
about 5 parts in 10°) brought about by the introduc- 
tion of radar techniques during the Second World 
War has given rise to a persistent undercurrent of 
speculation about a possible dispers on in the velocity 
of light. (See for example the discussion in Ditch- 
burn''.) Recently Softky and Squire'™ have proposed 
a test of this hypothesis using a nuclear explosion in 
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outer space. The blast would produce a sharply 
defined pulse of wide-band racdiatior It 
that by clocking the difference in arrival time of radio 
baseline of 2 light 


estimated 


frequency- and y-rays over a 
seconds, a dispersive effect of less than one-twentict! 
of the ‘post war’ shift (across @ frequency spread of 
10'') could be reliably detected. 

Theoretically speaking such an effect is already 
contained in the weak dependence on frequency of 
N(y) of (1). (It is important to note that an external 
field is always required to produce dispersive effects 
in the Euler-Kockel Lagrangian.) Unfortunately 
even with a generous estimate of 10-* gauss for the 
effective fields encountered in traversing the inter- 
planetary baseline, the incremental arrival times 
would be only about 2An ~ 10° sec., that is, 
far beyond present instrumental resolution. Any 
measurement of An(RF)/An(y) along these lines 
would seem to be out of the question in the fore- 
seeable future. 

Conversion to frequency shift: Present experim- 
ental technique excels in the precise determination 
of frequency. It would seem most attractive there- 
fore to measure minute velocity shifts in terms of a 
frequency shift. If indeed Av/v ~ An then according 
to (5) one would merely require an accuracy of 
Aviv ~ 10-"*, which is not at all unreasonable in the 
light of what has already been achieved in connexion 
with the Méssbauer effect. Unfortunately, specific 
schemes for velocity to frequency conversion, quite 
apart from all instrumental difficulties, seem to 
involve unfavourable proportionality factors which 
increase the sensitivity requirements on Av/v still 
further. I consider briefly two possibilities, the 
Doppler effeet and y emission : (i) In a typical Dopp- 
ler shift experiment, for example the reflexion of 
light from @ moving mirror, one obtains a relative 
frequency shift given by 


where v is the mirror velocity. Suppose that the 
experiment were also carried out in a very strong 
ambient field (H) the sole effect of which is to decrease 
the velocity of light. In this case one should find a 
slightly different shift since it is the ratio of the 
mirror velocity to the actual light velocity that enters. 
The net change is : 


“(A) (0) 2 \y { 


which shows clearly that in this type of conversion 
experiment the minute effects of An are diminished 
even further by the presence of the factor v/c. 
(ii) Another method of converting the velocity shift 
to a frequency shift hinges on the relationship 
between the energy and momentum of a photon ; 
cp — hy. To first order it may be assumed that it is 
only the photon momentum and not the photon 
energy which is affected by the presence of an external 
field. In order to obtain a frequency shift it is neces- 
sary to consider a decay process so that the final 
photon frequency is fixed by both the energy and 
momentum balance. In calculating this there is 
some ambiguity involved in carrying through the 
relativistic kinematics in an anisotropic space but 
the net frequency shift fortunately is insensitive to the 
details of the assumptions. I find : 
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where #£, is the energy available in the y 
E, is the rest energy of the residual nucleus ; 
E, (E 
emitted y-ray. In this case it is also evident that any 
effects due to An 
of the unfavourable conversion factor B,/F 4. 
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OF COMPONENTS IN COMPLEX SYSTEMS BY 


FLUORESCENCE SPECTROPHOTOMETRY 
By Dr G. WEBER 


Department of Biochemistry, University of Sheffield 


PESHE constancy, of the spectral distribution of 
| the fluorescence for a given 
with light of different wave-lengths 
development of a simple quantitative criterion for 
the determination of the number of independent 
thiorescent components in a mixture and also results 
n an interesting extension of the concept of resolution 
as commonly applied in spectroscopy. 

In fluorescence spectrophotometry a number of 
tluorescence imtensity measurements are made, 
following excitation with different wave-lengths 
Both fluorescence observation and excitation 
diserete wave-bands. Continuously recorded fiuores- 
cence and fluorescence-excitation spectra are to be 
considered here as finite series of measurements with 
effective band-widths determined by the conditions 
In either case the results may be set down 
matrix, where the m columns are de- 
termined by the wave-lengths of excitation and the 
n rows by the wave-lengths of observation The 
matrix elements, /;;, are numbers proportional to 
the response of the detector, that is, photocurrents 
in the ordinary case. The 7, 7 element of ths EF 
matrix, as I propose to call it. is the fluorescence 
emitted at wave-length j on excitation with light 
of wave-lengths When several 
are present in a mixture the EF 


substance excited 
permits the 


cover 


used! 
as an 


components 
matrix may be 


written : 


The superseript A refers to the different components 
Of the quanta absorbed in the solution from the 
exciting beam at wave-length i, a fraction fj* will 
correspond to the kth component, while the 
fluorescence emission by the same component at 
wave-length j is denoted by the absolute quantum 
vield at this wave-length band q);*, where the 
subseript i is also present to describe the possible, 
though rare'.*, eventuality of change of quantum 


vield with exciting wave-length. Consequently : 


A; is # row multiplier that stands for the absolute 


(2) 
number of exciting quanta absorbed at wave-length 

and BB, a column multiplier proportional to the 
detector quantum of radiation of 7 
and can therefore be eliminated 


response 10 a 
wave-length. 4 
from the matrix without, affectmg the properties im 
which we are interested. and the EF matrix may be 
written as : 

Lf 

EF 

a 


An arbitrary minor of the matrix is: 


Sy, 


If the spectral distribution of the fluorescence is 
independent of the exciting wave-lengths as appears 
to be in all known eases of substances in solution, 


qij* k 


quik 


and the value of the last determinant becomes : 


A 
(~fitqu*) (6) 
k 
Thus the important rule follows that all the 2 x 2 
determinants of the EF matrix are zero when: 
(1) There is a single fluorescent component in the 
solution, whether the absorption is due to one or 
more components (qij* = 0, for k 1). (2) There is 
more than one fluorescent species in the solution, but 
they all the same absorption 
(f?} = 1, f* = O, for k 1). This obv ously prov ides 
for the possibility of demonstrating the appearance 
of a new fluorescent species during the life-time of 
the excited state. 
Because of the fixed ratios of the g-values for each 
independently of the exciting wave 
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length (equation 5), it follows that when there are 
two imdependent components im the solution the 
second-order determinants of the AF matrix will 
not all vanish, but the 3 3 determinants will vanish 
dentically, and in general, the rank of the EF 
matrix gives the mumber of components in the 
system having distinct absorption and fluorescence 
spectra Conversely, the ‘purity’ of a fluorescent 
solution can be tested and the presence of fluorescent 
mpurities detectod by observing whether the 2 
minors of the EF matrix vanish Moreover, the 
non-vanishing determinants cover the region over 
hich both fluorescence and absorption spectra 
Uffer and can be used to single out such a region 
Tn practice the determimants will not exactly 
vanish, but approach zero within the experimental 
error of the method If the average photocurrent 
nvolved in a 2 x 2 determinant is / 4F, then a 


cletermunant vill to have the valiie 


\ 5h 
\ 0 2F SF ; ~ (7) 

here 2» the permanent or value resulting from 
aiding all the determinant products, so that for the 
2 x 2 determinant, P ~ 2F? The last equation 
permits one to evaluate significant departures from 
nullity A ratio of determinant to permanent of 3 
mes the coefficient of variation of the measured 
photocurrents can be considered significant. More- 


over, the appearance of the non-zero values over 
compact regions of the spectrum as well as the 
constancy of sign can be used to refine the criteria 
for nullity. The value of the determinant will depend 
on both f and gq, and by the use of equation 6 it 
is possible to see that in favourable cases it will be 
possible to detect an impurity present as a molar 
fraction of the total much smaller than the ratio A/P. 

In agreement with the usual spectroscopic criterial 
& fluorescence spectrum may be called partially 
resolved into components, if there are spectral 
regions which can be demonstrated to belong to 


each component separately In a speetrum of two 


components (2 2 mimors non-zero, 3 3 minors 
0) the spectrum will be partially resolved, if 
there is at least one region where all 2 * 2 determ- 


inants are zero, when both the fluorescence wave- 
bands are selected from this region, and the exciting 
wave-lengths chosen arbitrarily, but some 2 x 2 
determinants are non-zero when only one component 
ix selected from within the region. 

In the experimental use of the EF matrix two 
possible causes of error must be given consideration : 
the fluorescence spectrum may appear to change 
with exeiting wave-length if the absorption of the 
exciting radiation becomes weaker than or even 
comparable to the absorption of any of the observed 
fluorescence wave-bands by the solution. Also, 
scattering of the exciting radiation may have a 
similar effeet by adding a short-wave component to 
the fluorescence, when the wave-bands of excitation 
and observation become too close to each other. 
With good monochromators, it is possible to bring 
these two band-widths very near the theoretical 
limit. In one of the experiments quoted below, the 
wave-lengths of observation and excitation were 
brought within 13 mu while the sum of the band- 
widths was 6 my, without impairing the results. 

The detector response must be linear within the 
range of photocurrents measured, otherwise the 


April 1. 1961 VoL. 190 


spectrum will appear to change, depending on the 
signal strength, or in other words #, will not be 
@ true column multiplier but a function of gq. In 
practice, the detector response must be kept constant 
through the series of measurements of either rows 
or columns of the HF matrix. In the former case, a 
series of excitation spectra of defined fluorescence 
bands is obtained: in the second, a series of fluor- 
escence spectra excited by definite wave-bands is 
obtained. 

Two examples are given below of the usefulness 
of the matrix treatment of the data of fluorescence 
spectrophotometry. The first example refers to the 
fluorescence of human serum albumin. This proteim 
contains seventeen tyrosine and one tryptophan 
residue, all potentially capable of fthuorescence®, 
although in previous work no contribution from the 
tvrosine was deteeted*, and the whole emission was 
attributed to the single tryptophan The EF matrix 
obtained with a solution of human serum albumin 
at neutral pH is given below. The wave-bands for 
excitation and observation were both 3:0) mu. 


Excitation wave-lengths (mya 
7 USD 
(Observation wave- sv ho 
lengths (tye) lim 


The value of the 3 3 determunant 3 3 permanent 
is 0-002 or zero within error. Thus, there are less 
than three distinct components detectable. The 
2 minors are analysed in the following table 
which gives the ratios of A P for cach pair of excita- 
tion and observation wave-lengthes 

Excitation pairs 
75-285 2S5-205 


ition pairs 0-22 + O-35 


The presence of two distinet components in the 
absorption and = fluorescence is clear, since the 
experimental error in the determination of the photo- 
currents was about | per cent. From the signs of 
the two by two determinants it can be coneluded 


& 


Photodetector response (arbitrary unite) 


300 350 400 
Wave-length (my) 


Fig. |. Fluorescence spectra of 0-5 per cent solution of human 
serum albumin in water, Excitation and fluorescence band-width 
of 2 mu. Upper figure excited at 292 my ; lower excited at 278 my. 
All spectra shown are direct recordings uncorrected for grating 
transmission or photodetector (EF MI 6255) response 


¥ 
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Wave-length (ing 


reseence spectra 


sodium naphthi 
mat 340 mya N 


Kand-widths 
hydroxide 


that the component imereasing its absorption fraction 
over the 285-295 mu region is the one emitting at 
the longer wave-lengths as expected from tryptophan. 
The minors for 275-285 excitation are virtually 
zero, showing that there is no change in the fractional 
absorption of the two components over this interval 
the by the matrix 


fluorescence recordings 


Following indications given 
treatment, 
narrow bands of excitation at 
undertaken and are shown in Fig. 1, where the con- 


tribution from tyrosine appears clearly as a shoulder 


spectrum 


278 and 292 mu were 


on the short-wave side of the spectrum, excited at 
278 mu and is virtually absent in the spectrum 
exeited with 292 mu The absolute quantum yield 
of the tyrosine is estimated as between 0-015 and 
0-025. 

The matrix treatment has also been applied to 
the fluorescence data from alkaline solutions of 
sodium naphthionate. The fluorescence spectrum 
of this compound in neutral solution has @ maximum 
at 395 mu, while in 2N sodium hydroxide the 
maximum is found at 502 mu, both spectra being 
as shown in Fig. 2. Boaz and Rollefson® and Forster*® 
have concluded from their work on this and similar 
compounds that the fluorescence shift is due to 
abstraction of a proton from the amino-group 
during the lifetime of the excited state so that the 
due to the NH- ion, a 


long-wave fluorescence is 


length 


Wave 


spectrum ikaline solution of 


Fluorescence 


ground-state. 
obtained with a 
both fluor 
same extent 


species virtually non-existent om the 
The EF matrix 
moderately alkaline 
escence bands were present to about 


Fig. 3): 


below was 
which 


the 


solution im 


lengths ( 
0 
iim 
Observation Wave to 


lengths (iy 

All nine independent 2 5. 2 minors 
experimental error, confirming that there is a single 
species in the ground-state in spite of the comple. 


are zero within 


fluorescence spectrum 

The examples examined show one of the poten 
tialities of fluorescence spectrophotometry as com 
pared with absorption spectrophotometry. In the 
latter, the determination of the number of components 
cannot be done without reference to the absorption 
spectrum of the pure species while in fluorescenc: 
spectrophotometry this determination is always 
possible im principle and may be expeeted to be 
practically possible in most cases, 
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ABSENCE OF PHOSPHATASE REPRESSION BY INORGANIC 
PHOSPHATE IN SOME MICRO-ORGANISMS 


By MAU-HUAI KUO* and Pror. HAROLD J. BLUMENTHAI 


Department of Bacteriology, University of Michigan Medical School, Ann Arbor 


— formation of alkaline phosphomonoesterase 


in strains of Escherichia coli‘ and Bacillus 
subtilis® has been observed to be repressed in a 
medium containing inorganic phosphate. It was 
suggested that phosphate, which is a product of 
phosphatase action, controlled the level of enzyme 
synthesis via a negative feed-back system*®. Such 
a phosphate—phosphatase regulatory system con- 
ceivably could play an important part in the phos- 
phorus economy of the cell. In order to determine 


* F. G. Novy Research Fellow, 1959-60 


if this mechanism applied as well in other organisms 
and to the acid phosphatases, the effect of inorganic 
phosphate on the formation of both acid and alkaline 
phosphatase was studied in various strains of F. col’ 
and Staphylococcus aureus, and in a fungus, Neuro 
spora 

Various strains of . coli were grown in a medium 
containing per litre: 0-1 gm. erystalline magnesium 
sulphate, 1:0 gm. ammonium sulphate, 0-5 gm. 
sodium citrate, 10-0 gm. glucose, 12-2 gm. tris- 
(hydroxymethyl)-aminomethane and thiamine or 
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Muxotrophic strains pH wa 
x 
gin. crystalline f rrous sulpl Ly 
ate, gin ery manganose 
veoast extract Difeo), 12-2) gm 
-amino-met) 
ine and pH va t 
Phe coagulase-posit staphyl 
ococel were grown in a 
containing glucose, casein hydro 4 
lysate, cystine, salts thiamine and I t 
meotime acid the amounts K 
recommended by Evans* except 
that 12-2 gin. of tris (hydrox, 
methyl) - 4minomethane / litre re i2 2 3 6 
placed the inorganic phosphats TIME N HOURS 
\ll three media ilso contatrned rig. 1 Relation twee the ntent horgante phosphate and the for lation of 
ukaline phosphomonoesterase in two K 12 strains of coli, Cells w re grown as described 
10) “nem phosphor issmal. as po n the text. At zero time ml. of a 12-hr. culture of E. coli waa in culated into flaska 
iasiurn dihydrogen phosphate Thy ntaining 100 ml. of the synthetic medium n which the phosphorus ontent was 10 
. “amples were withdrawn for det: rmination of cell Population, inorganie phos- 
hac teria were sul iltured Omer phate (Pi), and alkaline pl hatas t the indicated me intervals After 6 hr.. the 
before moculating into the growtl horganic phosphate in the medium was completely utilized and the flasks were divided 
D herd into two groups. One group received 50 “gm. phosphorus/ml.. as potassium dihy drogen 
media, and incubated at 37° C. on phosphate, while the other group received mua. Determination of cell population — 
t rotary shaker Alkaline phospha alkaline phosphatase was continued for an ther 6 hr. The alkaline phosphatase ia plotted 


base Was assayed, after an autolysis 


with toluene, by the 
et al, with minor 
mixture was incubate 
p-nitrophenol liberate: 
cedure of Bessey et als 


method by Horiuch 
mo lifieation The reaction 
xl for 30 min. at 30 (.. and 
i was determined by the pro 
: (cid phosphatase was assayed 


in the same manner in PH 5-6 acetate buffer. The 
optical densities of col] Populations were measured 


using filter 50 in a 


Klett Summerson photomete: 


while inorganic phosphate in the modium was determ 


ined by the procedure 
Ne urospora crassa 

48 hr. in a synthetic 1 

30°C. The myeceliun 


of Fisk» an SubbaRow® 

strain 52974 was grown for 
nedium’ on a ro‘ar\ shaker at 
1 Was then blende | aseptically 


for 30 sec. in a Waring blender and aliquots of the 
suspension were used to inoculate groups of duplic te 
flasks containing medium in which the level of 
potassium dihydrogen phosphate was reduced to 
43 ugm. phosphorus /ml After incubation on the 
shaker at 30° €.. replicate flasks were removed at 


appropriate intervals 
was harvested by filtr: 
Aliquots of the filter 


of time and the mvecelium 
ition, pressed dry and weighed 
ed medium were also assayed 


for inorganic phosphate and phosphatase acti, ity. 
The weighed mycelia were triturated in a cold mortar 


with 8 parts (w/w) o 


f washed fine glass beads, and 


the enzyme was solubilized in distilled water. The 


supernatant fluid obt 


aimed after centrifugation was 


used for assay of both acid and alkaline phosphatase 


activities using sodir 
substrate’. 


im &-glycerophosphate as the 


The effect of inorganic phosphate on alkaline 


phosphatase format ic 
growth curves of two 


m is shown along with th. 
typical K12 strains of FE. eo/ 


in Fig. 1. In strain K40. alkaline phosphatas+ 


formation took place 
cellular inorganic pl 


only in the absence of extra 
iosphate whereas strain 180 


formed the enzyme early in its growth while inorganic 
phosphate was stil] present in the medium. Addition 
of phosphate to a culture of strain K40 actively 
synthesizing alkaline 


phosphatase resulted in the 


in relative units 


complete repression of alkaline phosphatase, but 
not general protein synthesis, whereas im strain 186 
there was a Stimulation of phosphatase svnthesis 
These findings in strain K40 are consistent with 
what has been reported by previous workers in 
coli strains K12, MI and W! and strain 
On the other hand, the absence of a phosphate. 
repressible alkaline phosphatase, as found in strain 
180, has previously not been reported. The results 
of similar experunents with various strains 
«we summarized in Table 1. Only three of ten strains 
tested were found to have a Phosphate repressible 
alkaline phosphatase, and at least one strain of 
each mating type. Hfr, F+, and F-, was not 
repressible, suggesting there is no direct relationship 
between phosphate repressibility and mating type. 
None of the strains had a phosphate repressible 
acid phosphatase, in agreement with the findings of 
Torriani'. Strain differences are known to exist in 
other repressible systems. Thus, Gorini? reported 
that in only two of four strains of F. coli tested was 
arginine @ repressor for ornithine transcarbamylase. 

The amount of phosphatase produced by Staph. 
lococeus aureus has been correlated With coagulas: 
production as a biochemical index of pathogenicity" 
In a recent survey of more than 100 strains of this 
organism growing in a complex medium, Pan anc 
Blumenthal (unpublished results) found that the 
average amount of acid phosphatase produced by 
coagulase-positive strains was about four times greater 
than that produced by the average coagulase-negative 
strains. To test the possibility that a phosphate- 
repressible acid or alkaline phosphatase system Was 
operative in the staphylococci, 17 coagulase-negative 
and 3 ex agulase-positive strains were tested The re. 
sults, presented in Table 1. indicate that a phosphate- 
repressible system could not be detected in any of 
the strains. 

The results of an experiment with a wild-type 
strain of N. crassa are presented in Table 2. The 
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Tabk DISTRIBUTION OF REPRESSOR EFFECT OF INORGANIC 
PHATE ON PHOSPHATASE SYNTHESIS IN STRAINS OF E, coli AND S. au 


No 4770 


Repressor effect 
strain 
Alkaline Acid 
phosphatase phosphatas+ 


Ki2 strain 


Staphylococcus 


rureus? coagulase 


oagulase 
coaulase 
B-21-6 (coaculase 
B-10-1 (coagulase 


acids 


* Auxotrophic strains requiring thiamine and or amin 
+ Total of 20 strains (17 coagulase-negative) tested with same result 


amounts of both acid and alkaline phosphatases, 
which were present only in the mycelia, were found 
to be approximately proportional to the cell weight 
throughout the course of the experiment The 
presence of extra-cellular phosphate did not repress 
the enzyme formation and the phosphatase forma 
tion did not increase significantly even after the 
depletion of phosphate from the medium. This 
strain of NV. crassa, therefore, was a non-repressible 
strain 

Although it is likely that in the future other micro 
organisms will be found with phosphate-repressible 
alkaline phosphatases, the absence of such a system 
in 20 strains of S. aureus, | strain of N. crassa and 
7 of 10 strains of EF. coli indicates that this is not a 
common property of micro-organisms. Even closely 
related strains, like those derived from F#. coli K12. 
differ in this respect It therefore seems unlikely 
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INORGANIC PHOSPHATE ON THE CELL GRowTru 
LEVELS IN Neurospora crassa 


EiFECT OF 
AND PHOSPHATASI 


Table 2 


Total alkaline 
phosphatase 
(tunits®) 


Total acid 
weight (wet phosphatase 


| 
ole 
ar 


leseribed in the text In the control 


of the 
phosphate was detectable in the medium 


Cultivation 
is detined as the amount of enzyme 
which « «mole of phosphorus per min, under respective 


'—?, flasks to which no additional inorganic phosphate was added 

+P, flasks to which 122 ~gm. phosphorus, ml., as potassium dihydro- 
gen phosphate, was added after 20 hr. of incubation. 
that this particular repressor system will prove to 
be part of a general mechanism for the regulation 
of microbial phosphorus metabolism, although it 
may take such a role in those strains possessing this 
repressor atem 
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INTESTINAL CARBOHYDRASES OF A NEW-BORN PIG 
By Dr. ARNE DAHLQVIST 


Department of Physiological Chemistry, University of Lund, Sweden 


activity of digestive carbohydrases of the 


rT “HE 

| new-born mammal differs from that of the adult 
The development of the digestive carbo- 
hydrase system of the pig as well as the ability of the 
growing pig to utilize various dietary sugars have 


animal. 


6 


been the subject of several recent investigations’ 
It has been found that the lactase activity of the 
small intestinal mucosa is high at birth, and remains 
so for the first weeks of life**. It then gradually 
decreases, although some lactase is present in the 
small intestine of the adult pig too’. The intestinal 
maltase and invertase activities, to the contrary, 
which for many years have been thought to be 
due to a single enzyme, intestinal «-glucosidase*, 
are weak or absent at birth and develop gradually 
during growth®.*. The amylase activity of the pancreas 
likewise is low at birth and increases during growth? 
The new-born pig, therefore, is unable to utilize some 
dietarv carbohydrates, as sucrose and starch, which 
are readily utilized by the adult animal'.’.*. 

Recently it has been found that the digestive 
earbohvdrase system of the adult pig is more com 


plicated than was believed earlier. Instead of a 
single intestinal a-glucosidase* there exist five or 
six different intestinal «-glucosidases*, namely, three 
different maltases (maltase I-III), one of which 
(maltase I) exerts all the intestinal invertase 
a specific imtestinal trehalase’, an 
vsomaltase’® and a phenyl-«-glucosidase™. The two 
latter enzymes may, however, 
Since lactase is also present’, the adult pig has at 
least six different intestinal glycosidases. In addi- 
tion, preparations of intestinal mucosa are known 
to hydrolyse §-glucosides'*. An intestinal dex- 
tranase, distinguished from amylase, has also been 

To define those enzymes present at birth, the 
carbohydrase activities of a homogenate of the smal! 
intestine of a new-born pig have been measured. 
The pig was slaughtered a few hours after birth, and 
the small intestine, which weighed 19 gm., was 
homogenized for 2 min. in an Ultra-Turrax homo. 
genizer with 19 ml. of 0-01 M phosphate buffer, 
pH 6-0. After centrifugation in a_ laboratory 
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units mi 


Adult pig 


a) the small intestine of 
upper part of the jejunum 
44 mgm./mil 
can be but onl 


nates (a 


compared 


the 


carbohydrase 


opalescent supernatant, 


centrifuge for 5 tam 
which contains the 
analysed by means of methods described elsewhere 
Conditions for the carbohydrase activity determina 
tions were such that 0-5 unit per inl. of homogenate 
could be detected 

The carbohydrase «ac of the 
uve seen in Table | For comparison, this tuble also 
neludes the 
homogenate 
of an adult pig 

The wall of the small intestine from the new-born 
it proved impossible to scrape 
the intestine 
means, that the 
was some 
the 
the 
The 


than 


Was 
16,17. 


activities’, 


ivities homogenate 


activities of a mucosal 


the 


cul bohvdrase 


the upper jeyumum 


from part of 


pig Was 50 thin that 
off the hence, 
was homogenized rhis however, 
made 1:1 wiv in. buffer, 
what dilute protein 
experiments with the adult pig, where 
mucosa from the was homogenized. 
values expressed are thus somewhat lower 
would be found in a mucosal homogenate, but an 
approximate comparison with the adult pig values is 


entire small 


homogenate, 
than in 


only 


more mucosal 


possible. 

No invertase activity could be detected in the 
homogenate from the new-born pig, which is in 
accordance with earlier findings*:* and also with 
the fact that new-born pigs cannot utilize dietary 
The homogenate from the adult pig had 
strong invertase activity (Table 1). 

Maltase activity was found in the preparation 
from the new-born animal, although this activity 
was weak. The maltase activity was loss than 
one-tenth that of the adult animal preparation 
(Table 1). Since it is known that the maltase 
activity of the ileum of adult animals is greater than 
that of the jejunum", the difference would have 
been still greater if the whole small intestine had 
been used in the experiments with the adult animal, 

The maltase activity seems, however, to increase 
rapidly during the first phase of growth®*. After 
two days of life pigs seem able to utilize dietary 
maltose’, although they are still unable to utilize 
sucrose 

Heat inactivation cxperiments, performed as 
described earlier*.*-'*, indicated that the maltase 
activity of the preparation from the new-born pig 
was exerted by a mixture of maltase II (65 per cent) 
and maltase III (35 per cent). Apparently these 
enzymes appear in the small intestine of the growing 
pig earlier than maltase I, which hydrolyses sucrose 
in addition to maltase*-". 


sucrose’. 


190 


April 1, 1961 


Neither trehalase nor isomaltase activity could be 
detected in the preparation from the new-born pig 
In the small intestine of the adult pig there exist 
one trehalase and one specific The 
weak jsomaltase activity known to be exerted by 
maltase IL and maltase I[]'® was too weak to 
detected under the conditions used. 

The pheny! x-glucosidase activity was Jess than 
one-tenth that of the preparation from the adult 
This activity may very well be caused by 
and hence there is 
the 


animal 
maltase I] and maltase ILL'®?’, 
no specific present 
intestine of the pig. 

Lactase activity, in accord with earlier reports* 
was greater in the preparation from the new born 
animal, which is of obvious physiological importance. 
However, the %-glucosidase (cellobiase, gentiobiase 
and phenyl-f glucosidase) activities were high al- 
though % glucosides are not physiological nutrients 
for the pig. The high (-glucosidase 
activities of this preparation suggest that 
activities may be exerted by intestinal 
(3-galactosidase ) and that there exists no specific 
intestinal 8-glucosidase. This idea is also supported 
by separation experiments which are in progress 
in our laboratory. 

The phenyl-$-glucosidase 
exerted than 
phenyl-3-glucosidase /lactase activity quotient of the 
preparation from the new-born pig about 5 
times that of the preparation from the adult pig, 
while the cellobiase/lactase and gentiobiase/lactase 
activity-quotients were the same in both preparations. 

Amylase activity was low, compared with that 
of the preparation from the adult animal. Since 
the main source of amylase in the pig is the pancreas’*, 
however, no may be drawn about the 
ability of the new-born pig to digest starch. The 
pancreatic amylase activity of new-born pigs and 
their abilitv to digest starch have been studied by 
others?.*. 

Dextranase activity could not be detected. In 
contrast to amylase, this enzyme is localized to the 
the adult animal's, but its 


new-born 


4 


new-born 
these 


lactase 


activity may, however, 


be by more one enzyme, since the 


was 


conclusions 


intestinal mucosa of 

activity is quite weak. 
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EFFECT OF MITOMYCIN C ON THE SYNTHESIS OF INFECTIVE VIRUS 
AND DEOXYRIBONUCLEIC ACID IN PSEUDORABIES 
VIRUS-INFECTED RABBIT KIDNEY CELLS 


By Dr. TAMAR BEN-PORAT, Dr. MAGDALENA REISSIG and Dr. ALBERT S. KAPLAN 
Albert Einstein Medical Center, Northern Division, Philadelphia 41, Pa 


PESHE antibiotic mitomycin C prevents the syn 
| thesis of deoxyribonucleic acid (DNA) without 
affecting the synthesis of ribonucleic acid (RNA) or 
protein in Escherichia coli.?. After infection with 
bacteriophages 7',, and treated with 
regain the ability to synthesize DNA, 
ts shown by Sekiguchi and Tagaki?; the phage 
particles produced by these cells are, however, non 
nfective These results are interpreted by the 
authors to mean that DNA synthesis proceeds in 
phage-infeeted bacterial cells through a pathway 
which differs that of non-infected and 
vhich is resistant to the action of mitomycin C. 

An alternative explanation cf these results is that 
nfeetion of the cells is followed by @ massive induc- 
tion of the enzymes connected with the synthesis 
of DNA, somo of which are inhibited by mitomycin C. 
Previous experiments? have revealed that infection 
of rabbit kidney cells with pseudorabies virus causes 
an increase or decrease in the rate of DNA synthesis 
lepending on the physiological state of the host 
cells It 
effects of mitomycin C using the pseudorabies virus 
rabbit kidney cell system with particular emphasis 
on a cornparison of the results obtained with rabbit 
kidney cells in the stationary and in the actively 


cells 


mitomvem C 


from cells 


was of interest, therefore, to examine the 


growing phases. 

Primary monolaver cultures of rabbit kidney cells 
were prepared as described previously* and were 
cultivated in Petri plates in a medium composed of 
96-5 per cent Earle’s saline, 0-5 per cent lactalbumin 
hydrolysate, and 3 per cent bovine serum. Cultures 
were incubated at 37° in a humid atmosphere con- 
taining 5 per cent carbon dioxide. Virus titres were 
measured by the plaque method. The procedures used 
for the determnation of RNA, DNA, and protein and 
for the incorporation of labelled nucleosides were the 
sams as reported previously*. The number of virus 
particles was determined by electron microscopy. 
Virus preparations were mixed with a known number 
of polystyrene latex particles, the mixtures were 
sprayed on electron microscope 
screens, and counts were made 
from electron micrographs®:*, 

The action of mitomycin C on 
rabbit kidney cells is similar to its 
action on bacterial cells. The addi- 
tion of 5 ugm. of mitomycin C per 
mil. to rabbit kidney cells results in 
an immediate reduction in the abil- 
ity of these cells to incorporate 
thymidine into their DNA. After = 
4 hr. of incubation with the anti- e¢ 
biotic the cells incorporate only 2-3 
per cent as much thymidine as the ° 
untreated controls. The same con- 
centration of mitomycin C has com- 
paratively little effect on the in- 
corporation of uridine into RNA : 


ine incorporated/hrt 


Fig. 1. 


kidney cells, 


Time after inoculation (hr.) 


even after 24 hr. of incubation with mitomycin C this 
incorporation is reduced by only approximately 25 
per cent. 

The synthesis of DNA in pseudorabies virus-infec 
ted cells treated with mitomyvein C is highly depend- 
ent on the physiological state of the cells at the time 
of addition of mitomycin C. (Previous experiments 
have demonstrated that cells in the stationary phase 
stimulated by pseudorabies virus 
up to twenty-fold more 
controls ; infection of 


are 
meorpora te 


of growth 

infection to 
thymidine than non-infected 
actively growing cells results, on the other hand, in a 
reduction in their capacity to meorporate thymidine.) 
Nine-day-old stationary phase cultures, as well as 
4-day-old actively growing cultures, were incubated 
with 5 ugm. of mitomycin C per mil. for 18 hr. Part 
of the cultures was infeeted with an adsorbed multi- 
plicity of 5 and imeubation continued im the 
presence of mitomyein C. Cultures which had not 
been exposed to the antibiotic (infected and non- 
infected) were used as controls. At various times after 
infection 3-3 104 ¢.p.m. of thymidine-2-"C (specific 
activity 8-7 x 10° ¢.p.m./ugm. of thymidine) were 
added to the cultures an} incorporation was allowed 
The specifie activity of the DNA 
Fig. | summarizes the results 


Wis 


to proceed for | hr 
was then determined 
of this experiment. 
Nine-day-old cultures treated with mitomycin C 
regain the abilitv to incorporate thymidine after 
infection and for the first 4 hours incorporate thy 
midine at a rate similar to that of the untreated 
controls ; after 4 hours there is a sharp decrease in 
the rate of this uptake. Four-day-old cultures treated 
with mitomycin (, however, remain unable to in 
corporate thymidine after infection. Thus, the action 
of mitomycin C on DNA synthesis is reversed by 
infection with pseudorabies virus only in cells in 
which the synthesis of DNA is thereby stimulated. 
These results suggest that this reversal may be a 
reflexion of the induction in these cells of enzymes 
(some of which are sensitive to mitomycin () con 


— 


. 
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The effect of virus infection on stationary phase and actively growing rabbit 
after treatment with 


mitomycin C, on their ability to incorporate 


thymidine-2-"*C 
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nected with the synthesis of DNA. Furthermore, the 
initial rapid increase in the ability of 9-day-old infee- 
ted cultures treated with mitomycin © to meorporate 
thymidine, which is followed by a loss of this ability, 
seems to be due to the induction of these enzymes at 
a rate which, for the first 4 hr. after infection, exceeds 
the rate of their inhibition by mitomycin C. Thus, 
under certain conditions, infection with pseudo 

rabies virus overcomes the block of the synthesis of 
DNA caused by mitomycin C, as infection with 
bacteriophage does in EF. coli treated with mitomycin 
Cc. In the case of pseudorabies virus-inter ted rabbit 
kidney cells, however, this reversal is readily explain 

able in terms of a massive induction of enzymes 
connected with the synthesis of DNA. 

Despite the ability of 9-day-old cultures treated 
with mitomyein C to synthesize DNA after infection 
with pseudorabies virus, the yield of infective virus 
produced by these cells is low. Non-infective virus 
particles are, however, formed by cells treated with 
mitomycin C, as shown in the next experiment 
Cells were incubated for 4 hr. with 5 ygm. of mito- 
mycin C per ml. They were infected and incubated 
for an additional 24 hr. in the presence of mitomycin 
. (Cultures treated identically in the absence of 
mitomyein C were used as controls.) The fluids were 
harvested, the cellular debris was removed by centri- 
fugation, and the clear supernatant fluids were sub- 
jected to 2 alternate cycles of high-speed (73,300 @ for 
60 min.) and low-speed (1,700 g for 20 min.) centri 
fugaticns. The preparations, suspended in one tenth 
the initial volume, were assayed for infective virus 
measured by plaque-forming units) and for phvsical 
particles (determined by cleetron microscopy). Table 
| shows the ratio of plaque-forming units to physical 
particles in these preparations. Although the number 
of plaque-forming units in the sample obtained from 
the cells treated with mitomycin C is more than 700 
times lower than that of the control sample, the 
number of physical particles in both samples differs 
by only a factor of 3-2 


(MC) ON THE ABILITY OF RABBIT 


Errket oy Miromyctn © 
AND NON-INFECTIVE VIRt- 


CELLS TO PRODUCE INFECTIVE 
PARTICLES 


Table 1 
KIDNEY 


Mée-treated 
Untreated 


Virus titre 


PFU/ml < 10 1/240 
Virus particles/ml 


PFU, plaque-forming units 


The next experiment shows that the non-intective 
particles produced by cells treated with mitomyein ¢ 
can induce in the cells to which they are adsorbed 
the characteristic cytopathic changes (intranuclear 
inclusions and syncytia) which result from infection 
of rabbit kidney with normal infective virus 
particles. Cultures incubated with 5 
mitomycin C per ml. for 4 hr. They were infected 
and incubated for an additional 24 hr. in the presence 
of mitomvein C. The fluids of these cultures, as well 
as of control cultures not treated with mitomyein C, 
were harvested and submitted to low-speed centri- 
fugation to remove the cellular debris. One mil. of 
different dilutions of these fluids was added to rabbit 
cells 10 yp r 
cent per culture). After an adsorption period of 1 
hour the cultures were washed to remove unadsorbed 
virus and were incubated in 5 ml. of medium for 3 hr 
at 37 The cells were then fixed with Bouin fluid, 


cells 


were ugm. of 


kidney cultures (contamng 4 
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stained with haematoxylin, and the percentage of 
eells contamimg melusion determined (In- 
clusion bodies start to appear in the nucleus 3 hr 
after inoculation and increase in number with time 

Previous experiments (unpublished) have shown that 
between 3 and 6 hr. after infection the number of m 
clusions is proportional to the multiplicity of mfection 
Since the latent period of pseudorabies virus in rabbit 
kidney cells is approximately 4-5 hr., the experiment 
was ended at 4 hr. to avoid the problem of recyeling.) 
Assuming a Poisson distribution, the number of 
inclusion-forming units, which give rise to an imelusion 
during the first 4 hr. of incubation, was calculated 
from the number of intranuclear inclusions obtained 
with various concentrations of the samples. Table 2 
shows the number of plaque-forming units and 
inclusion-forming units in mitomycin C-treated and 
untreated samples. Although the number of plaque 

forming units produced by the treated cultures is 
220 times lower than that cf the untreated controls, 
the number of inclusion-forming units in both samples 
differs by only a factor of 3-4. The ratio of the number 
of inclusion-forming units produced by treated and 
untreated cells is comparable to the ratio of the 
number of viral particles in the two samples as 
determined by eleetron microscopy. Moreover. 
syneytia are formed in cultures infected with mito 
mycin C virus with a multiplicity of plaque-forming 
units per cell too low to induce these cytopathic 
changes with control virus. We conclude from these 
experiments that the non-infective virus particles 
which are formed in cells treated with mitomycin ¢ 

are able to induce in rabbit kidney cells to wh ch they 
are adsorbed the characteristic changes observed after 
inoculation of these cells with infective pseudorabies 


bodies 


virus. 


NUMBER OF PLAQUE-FORMING (PFU) AND INCLUSIV\ 
MC-TREATED AND UNTREATE! 
CELLS 


Table 2 
FORMING Units (IFU) PRODUCED BY 
RABBIT KIDNRY 


MC -treated 


MC-treated Untreated 


10 


The action of mitomycin C on the rabbit kidney 
cell_pseudorabies virus system is thus similar to that 
previously reported for the E coli bacteriophage 
system. Our findings may be summarized as follows : 
the inhibition of DNA synthesis in cells treated with 
mitomvem C is overcome under certain eonditions 
by infection with pseudorabies virus, probably as a 
result of an induction by the virus in the infected 
cells of enzy nes connected with the DNA synthesizing 
mechanism ; the DNA formed under these conditions 
does not seem to be functional and the virus particles 
formed are non-infective 

We should like to thank Dr. Joseph Lein, Bristol 
Laboratories, Inc., fora generous supply of mitomycin 
©. This work was supported by from the 
National Institute of Allergy and Infectious Diseases 
(E-2432 and E-3362). 
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LETTERS TO THE EDITORS 


GEOPHYSICS 


A Preliminary Model for the Variations 
of Upper Air Densities 

SATELLITE observations have shown a significant 

iriabilitv of the density of the upper air above a 
height of 200 km During the period 1957-60, 
several major effeets must be distinguished, in addition 
to dependence on altitude The construction of 
veneral representative atmospheric models is there 
tore extremely difficult. as has been found by several 
maithors! Hence it seems to be more useful to give 
model for the variability. from which the density 
of the air ean be ealeulated for special cases. Three 
influences seem to be predominant? (1) The solar 
iW-effect produced by the variable short wave-length 
solar ultra-violet radiation This is demonstrated 
by a strong correlation with the sunspot number® 
or with the solar radio emission in the decimetre 
wave-length region’. (2) The day-night effect. the 
amplitude of which increases strongly with height 
3) The annual effect. This effect shows a pronounced 
annual and a semi-annual period®. Lt is demonstrated 
by the fact that for different satellites the day-night 
Variation is not constant in phase and amplitude if it 
is normalized for a constant solar W-effect®. This 
third effect is probably caused by the interaction with 
interplanetary plasma, the density of which varies 
slong the Earth's orbit perhaps due to an interstellar 
ind 

Let F be the intensity of the solar ultra-violet 
radiation at 10 em. wave-length ; 6 be the local time ; 
1 be the date in the year, omax.(9), omin.(9) be the di 
urnal and annual maximum density. Then the three 
influences above can be expressed by the following 
Tunections : 


f(A) 


<(220) means the air density when the intensity of 
10-crm. wave-length solar radiation is F 220 
10-22 W./m.%e./s. The dependence on altitude of 
f(6) and g(a) may be expressed by the function 
(hk) and a(h). Then the air density p(k) can be 
calculated as a good first approximation from : 


log 10g Pstand. 


[ f(O)O(h) giaja(h) 4- ¢ (2 


~) 
stand. is given in Table 1, while the other functions 
are shown in Figs. | and 2. The function pxtang 
was extended up to 1,500 km. altitude by the observed 
acceleration of Echo I (1960;,) (ref. 8). The plausible 
physical product of the combinations f(6).0(h) and 
g(a).a(h) has been proved by the observations of 
different satellites, which agree well with this assump 
T10n. 
Table | 

Height Density Density 
(km. (gm./em.*) (gm./em.* 
59 x 7x 10 
220 340 

1-2 


5-9 x 10-™" 
1°5 


10 is 
10-"" 
10 


@ (months) 
10 12 


20 
Local time (0) 
Fig. 1. Diurnal and the annual effects 


Further, some minor influences exist. The magnetic 
activity enhances the air density by about 5 per cent 
if the planetary magnetic index Ap increases from 
10 to 20, ete. Greater variations are only observed 
during magnetic storms, when the density may 
increase by about 30 per cent over 200 km. in height’. 
Finally, a weak influence of latitude and seasons has 
been found from observations of some of the Dis- 
coverer satellites, the orbits of which extended to 
polar latitudes (unpublished work). At an altitude of 
200 km., the density of the air is about 10 per cent 
smaller in polar latitudes than in lower latitudes 


i( Fh) 
| 


F = 130 140 100 « W./m.* ¢./s. 


km. 


Height 


0-5 10 
O(h), ath), Fh) 


Fig. 2. Dependence on altitude of the W-effect, the diurnal and 
the annual effect 
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during the winter. On the other hand, a density 


gradient of about 15 per cent exists from the equator 
to the pole over the surnmer hemisphere. 
The proposed model covers only the variations of 
time-scale greater than one day 
olar flares the density of the upper 
for a short 


density with a 
During strong 
Increase consick rably 


ath osphere may 
time The function g(a) in Fig. 2 relates to the 
time November 1957 July 1960 Apparently in the 


vearly variation an annual and a semi-annual period 
has been already found 


are superposed? he first 

in the variations of the F-layer ’ and recently also 
in the exospheric electron-density after whistler 
observations! The semi-annual effect has been 


recently found also for the #-layer™ Because the 
annual and semi-annual effects are probably caused 
by the influence of the inter planetary plasma on the 
ipper atmosphere, its amplitude may vary with the 
solar cycle This is shown by the last observations 
up to February 1961, when the 6 inspot activity was 
ilready weak. During this time the annual and the 
emi annual effect was found to be consider ibly lows r 
that during the strong 
Further, some minor irregularities of the aur 


than sunspot maximum of 


drag seem to remain, perhaps due to inhomogeneities 
of the interplanetary tnatter lnm summary, the 
fluctuations of the density (and temperature ) of the 
upper atmosphere are 80 com} lex that any model may 
differ considerably sometimes from the real values 
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Palz2omagnetic Evidence relevant to a Change 
in the Earth’s Radius 

Cox and Doell', applying a suggestion of Egyed* 

to test the reality of the expansion of the Earth 

through geological time, have calculated the radius 


of the Earth implied by comparison of Permian 
paleomagnetic measurements m the Maymecha 
Kotuy region of Siberia and localities im western 


Europe, and find that although the standard deviation 
of the individual very wide indeed, the 
average of the computed radii of the Earth is close 
to the present radius. From this they conclude that 
the substantial post-Palwozoic expansion of the globe 
deduced by me on tectonic grounds is unlikely. 

Cox and Doell state that “in the expansion of the 
Earth envisaged by Carey, Heezen and Egyed, the 
in area; hence, the dis 


results is 


continents do not increase 
tance between any two points on a stable part of one 
continent remains constant”. When applied to the 
geotectonic synthesis presented by me in the paper 
quoted by them’, this statement is certaimly invalid. 
In each of the figures for the Asian continent in my 


April 1961 yo. 


paper I show the Asian block as composite, and 
elongation since the Palwozoic is explicitly shown on 
Fig. 9, and implicitly on Figs. 10, 394 and 39d. The 
Ob rhombochasm is discussed on pp. 203-204 and 
rhombochasm is defined on p. 192 as “‘a parallel-sided 
gap in the sialic crust occupied by simatic erust and 
interpreted as a dilatation The extensions specified 
above fall between the sampling areas used by th: 
authors and involve an extension of some 900 km 
This is of the right order for the angular distance: 
measured between these districts to remaim unchanged 
if the surface area of the Earth had imereased some 
$5 per cent since the Paleozou 

The magnetic data presented by and Doel! 
are therefore what they should be if the 
=vint hesis presented by me is correct. 

It: would be possible to apply Egyed’s method to 
places on the Earth which would provide a“ decisive 
test. This may be done, either by comparing local:- 
ties which do satisfy the conditions stated by Cox and 
Doell, or alternatively by selecting localities on 
separated blocks such as Africa and South America 


tectomn 


or Australia and Siberia and testing whether th: 
surface distance between them on the Palweozoi 
reconstruction, taken with their ancient latitudes 


mphed by the paleomagnet ic data, correspond to 
an Earth of the present radius or of a different radius. 
L exammed the data superticially from this point ot 


view in 1958, but concluded that the uncertainty 
within the magnetic data then available was too 


wide to give a useful result 
S. WARREN CAREY 
Depart ment of Geology. 


University of Tasmania. 
189, 45 (1061) 


‘ox, A., and Doell, R. R., Nature 
Euyed, L., Geofisica pura ¢ applicata, 4, 115 (1960 
Carey, 3. W.. Continental Drift: @ Symposium, 177 (Univ. Tasmania 


Ir is important to note that if. during an expansion 
of the Earth, each point on the surface were to move 
radially outward, then all sampling areas would have 
the same relative geographical co-ordinates before and 
Paleomagnetic results could mot be 


after expansion 
However, an 


used to detect an expansion of this type 
alternative model of expansion is that in which mos: 
or all of the inerease in area is reflected by an increase 
in the area of the ocean basins. We considered Prot 
Carey's model of Earth expansion to be of this genera! 
type, since he concludes! that the Atlantic, Indian 
and Pacific Ocean basins formed by dilatation atten 
dant on expansion. If the ocean basins formed mi this 
wav. the method we used would show an increas+ 
in the Earth’s radius, even if the continents had also 
vrown lesser amount. 

The crucial point raised by Prof. Carey concerns « 
proposed separation of the two sampling areas used 
in our caleulation. The 900-km. dilatation suggested 
by him would certainly mask an increase of 1,100 km 
in the Earth’s radius, provided the elongation took 
place along the meridian connecting the two sampling 
and the ancient pole. Implicit in Prof 
Carey's reconstruction of the Eurasian landmass? 
there is, indeed, a 900-km. displacement of the 
Siberian sampling area with respect to Europe ; its 
direction. however, is not along the ancient meridian, 
but rather at an angle of some 50° to it. The com 
ponent of elongation in the ancient meridional direc 
Prof. Carey's reconstruction is less than 
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600 km., not enough to mask an expansion of 1,100 
kim. Thus Prof. Carey's detailed model is not sup- 
ported by the European and Siberian paleeomagnetic 
results. 

We join Prof. Carey in looking forward to future 
applications of this method. As he suggests, the 
method might also be applied to data from different 
continents after reassembling them into @ single 
land-mass, assuming continental drift has occurred. 
However, such a calculation of the ancient radius 
would introduce additional uncertainties concerning 
the particular reconstruction used. We consider it 
preferable to use results from individual land-masses 
to test for expansion, and then proceed to compare 
esults between continents as a test for continental 
irift 

ALLAN Cox 
Ricwarp R. 


U.B. Geological Survey 
345 Middlefield Road. 
Menlo Park, 
California. 


Carey, 8. W., C.R. IIIT Cong. Assoc. Sei. des Pays de VOcéan Indien 
Rect. C, 171 (1957). 


Carey, S. W., Continental Drift: a Sumposium, Fig. 10 (Univ. 
Taamania, 105%) 
PHYSICS 
Shock-excited Dark Discharge 
{He existence of the so-called dark discharge 


region has been known from the earliest days of 
discharge in gases. Here, continuous current densities 
of the order of uvamp./em.* involve no luminous 
effects and are attributed to the by-products of 
cosmic ray or other sources of weak ionization in the 
discharge space ; as the current density is made to 
inerease, the well-known ‘glow’ and ‘are’ regions are 
successively established. 

It is, however, possible to obtain current densities 
of about 5 amp./em.* for the ‘dark’ discharge con- 
dition when excitation is induced by the partial 
discharge of a small condenser bank in a somewhat 


critical pressure-range. We have found that in 
hydrogen, at pressures not exceeding 0-1 mim. 


mereury and using plane brass electrodes of diameter 
2} in., spacing 5} in., not heat-treated or specially 
cleaned in any way, shock excitation of the gas 
yields a dark discharge (that is, with no apparent 
visible glow) involving peak currents of some 400 amp. 
lasting for a time of the order of 1 psec. The main 
features of the discharge can be summarized as 
follows : 

(1) Although the upper limit of pressure appears 
to be critical around 0-1 mm. mercury, it is possible 
to excite the dark condition at lower pressures, if the 
potential is increased. 

(2) Current range from 
15 amp./em.*, but repeatability was generally poor 
due to the presence of fatigue factors—these could 
be annulled by working at higher excitation voltages. 

(3) The range of current values correspond with 
that expected from the approximate charge trans- 
ferred, 2-5 x 10-* coulomb as a minimum: values 
as high as 10 « 10-* coulomb yielded little variation 
in peak cunent, but produced a longer discharge time. 

(4) Above the critical pressure, an increase of 
presenre by a few per cent gave the standard glow in 


densities about 2-5 to 
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place of the ‘dark’ discharge at the higher voltages ; 
however, even at this somewhat increased pressure, 
once the glow condition has been established, it is 
possible to induce a ‘dark’ discharge at about one 
third of the glow voltage. 

(5) There is no ‘follow through’ for this type of 
discharge—a certain amount of energy is drained 
away and the factors responsible for building up the 
more highly conducting condition disperse rapidly. 

(6) The initiation of the ‘dark’ condition appears 
to be connected with the properties of the surfaces 
taking part in and exposed to the gas— ‘conditioning’ 
by a snuecession of such discharges involving highe 
and higher energy dissipation makes it extremely 
difficult to reproduce the discharge under the con- 
ditions available to us. 

(7) It was very occasionally possible to record a 
‘dark’ discharge in air at a pressure of 0-01 mim. 

The use of ‘slow’ mercury switching in these 
experiments is likely to introduce a variable and 
somewhat high-resistance path in the early conducting 
stages ; it may well be that the ‘build up’ to the dark 
condition is a function of the manner and amount of 
the energy loss at the switch: in many cases the 
tube ‘build up’ is rapid enough to ‘blow’ one of the 
four switches (in parallel) in the bank. 

An interesting parallel to the behaviour described 
in this communication followed some work reported 
in an early communication' on the scintillation dis- 
charge in neon. Here, one of the authors (L. J.) mei 
the ‘silent’ discharge condition in neon and other 
gases—-krypton, hyvdrogey, carbon dioxide, nitrogen 

in the pressure range 1-10 mm., and where, in 
fact, the ratio of electrode separation to mean free 
path was of the same order as in the present experi- 
ments. Whereas current densities of some 100 amp./ 
em.? were then recorded for the ‘seintillation’ con- 
dition, only some 5 amp./cm.* was noted for the 
‘silent’ discharge. The development of the ‘scin 
tillation’ in hydrogen in the present experiments 
involved current densities of the order of 250 amp./em.? 
and generally followed a pre-breakdown glow stage ; 
there appears to be no ‘pinch’ effect present. Some 
factors on which the heavy current condition depends 

for example, surface properties of the electrodes, 
polarity of the discharge, ratio of electrode areas 
are expected to affeet the dark discharge condition in 
much the same way. 

We are indebted to the Department of Scion- 
tific and Industrial Research for a grant towards 
this work 


COLE 


Royal College of Science and 
Technology, 
Glasgow, C.1. 

Nature, 121, 704 (1928), 


Spiral Etch-Pits of Ice Crystals 
THovcu the correspondence of etch-pits to 
dislocation has been investigated by many workers 
for various crystals, there have not been many 


direct observations of spiral structure of the etch-pit, 
which may be considered to be related to the screw 
Spiral etch-pits on sodium chloride', 
and on 


dislocation. 
on germanium, on silicon’, on « brass, 


4 
/ 
; 
4 
4 
: 
‘ 
4 
A. 8. V. McKenzie 


antimony’ have been reported Vhe observed step 
heiwhts of etch-terraces are in the range 500 A 
HOO A Since these value of step-heights are 
large im comparison with a Burger vector t he 


relation between the spiral eteh-pits and the screw 


dislocation is not as definite as that between the 


spiral growth pattern of eryvstal and the serew 
lislocation 

Higuchi? succeeded in large etch-pits on 
the irface of ice by the use of plastic replica ftiln 


The size of these larve etch pits Is about 3 mom.. 


and the ervstallographic basal plane appears in the 


etch-pits, when the surface of the ice is nearly 


perpone ilar to the optical ANIS Ky electron 


rmucroscore observations, it was toune that 


hexagonal etch-pits are formed on the basal plane 
of these etch-pits by the « Vaporation process, and 
that some of ther showed the spiral structure 

I used lake ice and on the ice surface nearly 
perpendicular to the c-axis. I produced large hex 


planes by Higuchi’s 
plica ot these 


agonal etch-pits with basal 
method. Then, the 


basal planes was mac with 


positive polast re 


Fornivar’*, the concen 


After 


an angle of 12 


tration being 0-5 per cent shadowing with 


chromium this plast is 
replica was observed under an electron-microscop. 
Figs. | and 
the ininute etch-pits produced on the basal plane 
Fig. 2 is a sketch of the stepped structure shown in 
Fig. 1 As seen in these figures. the stepped struet ure 


Vapour at 


3 show electron-photomicrographs ot 


» 


38 NATURE 


April 1961 9 


at 


rig eteh-} 

Kron electron 
photon rographs, the height of 
estunmated to be 200 A These 
nearly of the same order of magnitude as reported 


shows the spiral pattern 
mean 


A 


steps Wiis 


values are 


for the stepped structure of a growing ice-surfac 
that is, 500 A. 

This work was carried out in 1958 at the sugyestion 
of Dr. K. Higuehi, and I thank him. I am grateful 
also to Prof. U. Nakaya, Dr. D. Kuroiwa and Dr. T 


Mitui for their kind discussions 
1. 
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Discrimination between «-Tracks and 
--Background in Ilford Nuclear Emulsions 
We have attempted to improve the discrimination 
between a-tracks and y-background in Ilford 50u 
utilizing the Herschel effect’. 
sensitive to infra-red, 


nuclear emulsions by 
The Ilford emulsions 
direct application of the Herschel effeet resulted only 
blackening of the emulsions. ‘Therefore a 
necessary phenosafranine was 


being 


im a 
desensitizer was 
chosen?. The emulsions were treated in the following 
way 

(1) Superticial irradiation with x-particles from a 
uranium-233 source. 

(2) y-Irradiation 17-5-MeVp 
doses varying from 2 r. up to 2,000 r.). 

(3) Bathing in an aqueous solution of pheno 
safranine (for concentration see below) ; 1 hr. was 


necessary to allow the solution to penetrate into the 


from a betatron 


emulsion 


> 
gta 
= 
~ 
i} 
2 
: 
nd Dorsi, D., a 
> 
Spiral etch-pits of iee eryvstal 13.50) 
a 
Fig. 2. Sketch of et tf Fig 
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4 Rinsing with distilled water and drving in a 
Ow air current 
(5) Infra-red 

infra-red lamp (220 \ 

the filament of which 
from the emulsion, was passed through Schott filters 

RG land RG 7. The tilters must be placed with 


their esculine film side towards the lamp*. During the 


irradiation : the light of a Philips 
250 W., 27, 13352 £/479 


was at a distance of 15 em 


irradiation, the emulsion remained in a copper box, 
cooled by running water and two electric fans. An 
aspirator produced a eold-air current in the box 
The irradiation time varied from 2 to 80 min. 

(6) Immediately afterwards the emulsions 
treated by temperature development (20 min. at 
2° C., 15 min. at 22° ¢ 


were 


ma develope r of the follow ny 


‘ omposition 


AnhVar 
Gslyein 
er 
Ethvl alcoh 
hnson 142 


the emulsions were fixed 


Then 


solution 


Nags, 
Na,gSO,, anhy 


Lt 


Lhe emulsions were immersed in a tiximg-bath at halt 
the given concentration for 30 min., then in a fixing 
bath for 90 min 
in a bath at half the concentration 

rinsed in running 


had dts 


at full concentration, then again for 
min 
7) Finally. the 
ater until all 
appeared ; and then they were dried. 
the following results: 


emulsions were 
traces of colouring matter 
his proc edure 
Emulsion G5 showed a clarification after 13 
of infra-red irradiation and a bath in phenosafranine 
concentration of LO-* with the filter 
RG 1+ RG 7. Discrimination improved. Higher con 
centrations of phenosafranine increased the clarifica 
tion, but the many gaps when 
irradiated for more than 13 min. with infra-red 
L4 and K5 


discrimination 


um 


x-tracks showed 
clarification and 
bath in 
concentration ot litre 
of infra-red iradiation with 


Emulsions showed a 
after a 


O25 


an unprovement of 
phenosafranine at a gr 
and after 13 and 30 min 
RG 10+ RG 7 

With the RG 7 filter 
noticeable clarification in all types except ¢ 


the othe (KO, K5. L4, 


showed even after 2 


we obtained a very 
2; but 
the 


min. ot 


alone. 
in each of (15) 
tracks 
infra-red irradiation. 
In emulsions C2 and AO, we could not improve the 


types 


Laps, 


discrimination between x-tracks and y-background. 
\ bath in phenosafranine alone was found to give a 


slight clarification, without impairing the quality of 


the a-tracks 
Another desensitizer, pinacryptol vellow, 


was tried, 
but gave no results whatever 

In Table 1. are given for emulsion L4 
| represents number of background grains per em 


results 
ot dry developed emulsion B represents number ol 
aps in the x-tracks per 100 blobs or grains in the 


track. 


10° 
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This work was part of the research programme of 
the Interuniversitair Instituut voor Kernweten 
schappen-Belgium. We thank Prof. J. L. Verhaeghe. 
C. Beets and J. Fournaux for their interest in this 
work. We are indebted to Prof. P. M. Van 
Vaerenbergh and Dr. J. Allewaert for the gamma 
irradiations 


analogous results were obtained. 
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Radioactivation Analysis of Oxygen in 
Silicon by Irradiation with «-Particles 
in a Cyclotron 
ALTHOUGH the determimation of a trace of OXV een 
in transistor-grade very important, it 
done reliably by a chemical or by a neutron 
analysis 


silicon Is 
cannot be 
Radioactivation 
O and reactions were 
Use of tritinum 


activation method 
tried! -®, but were far from satisfactory. 
ian atomic reactor resulted in low precision and sensi- 
tivitv. owing to its short range and the inevitable 
presence of oxygen mm lithium. Chemical separation 
of oxygen-15 is impractical because of its short life, 
and radioactivation of oxygen-17 is less advantageous 
because of its low abundance 

We have made use of the z,pn) reaction for 
this purpose and succeeded in determining as small 
an amount of oxvgen as 0 3 p)-p mn. The excitation 
function for this reaction was determined by two of 
us! \ plate of silicon (30 mm 17 mm 1 min 
1-2 gm.) was placed on a water-cooled holder with the 
aid of a spring washer for good contact, and irradiated 
40-MeV 
Too high a flux and a poor contact caused 
The 


with 


with 
15 min.) 
slight fusion on the 
surface of the trradiated 
dilute hydrofluoric acid containing a small amount 
of nitric acid to the contamination 
and pulverized in an irom mortar. 
added in portions to fused potassium hydroxide 
25 gm.) containing sodium fluoride (10 mgm.) and 


disodium hydrogen phosphate (5 mgm.) as carrie! 


particles im a evelotron (5 
surface of the sample. 


silicon was washed 
surtace 
The product was 


remove 


Sodium nitrate (0-5 gm.) was then added to convert 
radioactive phosphorus produced by ®*Si(a,p)*?P and 
reactions mto phosphate, which served 
as an internal monitor for the flux of the « particle 
The cake was dissolved in sulphurie acid (200 
ml.) and the fluoride distilled at 150-160° C., the 
distillate being caught by aqueous ammonia. The 
fluoride was precipitated as calcium fluoride together 
filtered off, washed, dried 


The time required for 


beam 


with calcium carbonate, 
and radioactivity measured 
the separation was about 2 hr. and the overall recovery 
of thuoride was about 80 per cent 

The annihilation radiation was measured with a 
sodium iodide (1-5 in. dia. 1 in. high and 1-75 in. 
2 in. high) seintillation counter of a known 
device. 


chia. 


efficienev, with and without a comeidence 
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The counting-rate was measured every hour for 10 
hr. together with the y-ray spectriun, which consisted 
only of the annihilation y ak at 0-51 MeV. The decay 
curve agreed with that of fluorine-I8. The oxygen 
content was calculated from the disimtegration-rate 
of fluorine-18 by the absolute method, the contribu 
tion of and reactions 
being negligible under our conditions. 

\ raw silicon contained 4 p.p.m. oxygen, while a 
transistor-grade silicon had 0-3) p.p.m By this 
method 10-4 p.p.m. oxygen can be determined. This 
method appears to be the most sensitive method fo: 
the determination of oxygen and is useful for the 


analysis of a solid sample having a high melting 


point and alow vapour pressure. The recoil effeet, the 


evaporation of fluorine during irradiation and other 
details will Toe re ported else here 
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S. TANAKA 
M. FuruKAWA 


K. Sarro 
Lustitute for Nuclear Stud) 
University of Tokyo, 
Tanashi 
Ommond, R. and Smales, 4. A., Anal. Chim. Acta, 10.117 (1 
n, amd Riehl, N ingew, Chem., 72, 550 (1960) 
* Beard, D. D., Johnson, RK. Y., and Bradshow, W. U., Nweleonics, 
17, (1050) 
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GEOLOGY 


Analysis of a Supposed Clay Fulgurite from 
Ontario 


THE existence of ‘clay fulgurites’ from Kingston, 
Ontario, was reported recently by Hawkins'. These 
were described as “partially fused ellipsoids”’ resulting 
from lightning striking clay sediments. The report 
was of considerable interest to us because it suggests 
that lightning may be responsible for the formation 
of tektites. At our request, Dr. Hawkins kindly sent 
us a sample of this material. The composition is as 
follows 


sit) 
12°45 
reo 
bet 
Mew 1-7 
i. 
rio | 
Nao 
1-S4 
firganiec matter 4-18 

0-41 


The specimen analysed was an irregular lap 3 em 
long with a yellowish-brown colour and streak, 
earthy lustre, and hardness of about 1 (Mohs) 
Portions of the specimen were covered with a shiny 
brown coating which was soluble in acetone anid 
presumed to be organic (Fig. 1). In the analysis 
total water was determined by the Penfield tube 
method and organic matter by difference between 
loxs on ignition and total water The chemical 
analysis indicates that the specimen may be mostly a 
hydrated iron aluminium silicate or oxide. An 
X-ray powder diffraction pattern showed the specimen 


biz. 1. Portions of the specimen marked 4 and B are untreated 

showing their shiny coating of organic matter. The portion 

marked © waa treated by immersion in acetone, exposing its dul 
surface 


to contain some quartz, kaolinite, and additional! 
material as yet unidentified. Petrographic examina 
tion disclosed no lechatelierite or glass. This specimen 
has no resemblance to any known fulgarite or tektite 
in composition, Therefore it appears to have no 
relation to the origin of tektites. 

Thanks are due to E. C. T. Chao of the U.S. Geo 
logical Survey for furnishing X-ray data and to J. | 
Dinnin, also of the U.S. Geological Survey, for detern 
ination of the alkalis. 

MAXWELL K. 


U.S. Geological Survey, 
Washington 25, D.C. 
Pavut D. Lowman, JUN 


Goddard Space Flight Center, 
National Aeronautics and Space Administration 
Washington 25, D.C 

Hawkins, G, S., Nature, 185, 301 (1960) 


Karroo Igneous Activity and Tectonics 
in south-east Southern Rhodesia 


Durina the period 1956-60, members of the 
University of Leeds Research Institute of African 
Geology, under the direetion of Prot. W. Q. Kennedy, 
have been investigating Karroo (early Mesozoic) 
igneous activity and teectonies in the south-east of 
Southern Rhodesia Field-work has now been 
completed and it is intended in due course to publish 
the results in detail. In the meantime, we present 
here some aspects of the geology of the area which 
may be of general interest. 

The Basement Complex underlying the area investi 
gated (see Fig. 1) consists of highly folded gneissose 
rocks and represents part of the east-north-east 
trending Limpopo orogenie belt (circa 2,000 m.y.)', 
which separates the stable blocks of Southern 
Rhodesia and the Transvaal. 

Warping and fracturing of the Dominion Reef, 
Loskop and Waterberg systems in the northern 
Transvaal indicate that the Limpopo belt continued 
to mark an important tectonic line at a later period 
(? late-Preeambrian). 

In the Karroo period, a relatively thick succession 
of sandstones, mudstones and shales, with some coal. 
was deposited in the vicinity of the present-day 


(Continued on page 77) 
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!HE REVIEW OF SCIENTIFIC INSTRUMENTS 


Monthly Instruments, apparatus, and techniques 


THE JOURNAL OF CHEMICAL PHYSICS 
Monthly Bridges the 
chemistry 


gap between physics and 


JOURNAL OF APPLIED PHYSICS 


Monthly. Applying physics in industry and in other 
sciences 

THE PHYSICS OF FLUIDS 

Monthly. Kinetic theory, statistical mechanics, struc 
ire and general physics of gases, liquids, and plasmas 
JOURNAL OF MATHEMATICAL PHYSICS 


Mathematical methods for the solution of 
ind original research furthered by 


Bimonthly. 
physical problems 
such methods. 


PHYSICS TODAY 


Monthly. Developments in contemporary physics 


SOVIET PHYSICS JEIP 
Monthly. Translation of Zhurnal Eksperimental 
Teoreticheskoi Fiziki 


noi i 


SOVIET PHYSICS—SOLID STATE 


Monthly. Translation of Fizika Tverdogo Tela. 


SOVIET PHYSICS-—-TECHNICAL PHYSICS 
Monthly. Translation of Zhurnal Tekhnicheskoi Fiziki 


SOVIET PHYSICS—-DOKLADY 


Bimonthly. Translation of Physics Sections 
Akademii Nauk SSSR 


of Doklads 


SOVIET PHYSICS—ACOUSTICS 


Quarterly. Translation of Akusticheski Zhurnal 


SOVIET PHYSICS—CRYSTALLOGRAPHY 


Bimonthly Translation of Kristallografiva 


SOVIET PHYSICS—-USPEKHI 
Bimonthly. Translation of original Russian mate 
Uspekhi Fizicheskikh Nauk 


SOVIET ASTRONOMY--AJ 


Translation of Astronomicheskii Zhurnal 


Bimonthly 


to 


AMERICAN INSTITUTE OF PHYSICS 


335 East 45 Street, New York 17, New York 
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MACMILLA 
BOOKS 


The Economic Consequences of the 
Size of Nations Edited by E. A. G. ROBINSON 


This was the theme of the International Economic Association’s annual conference, 
which was held at Lisbon in 1957. Its purpose was to consider how far an increase of 
the size of a nation and of a national market might permit the achievement of economies 


otherwise unattainable. “An immensely rich mine of ideas and facts... -The Econ 


Food, Land and Manpower 
in Western Europe P. LAMARTINE YATES 


\ study of the contribution that the farm economy of Western Europe could make to 
general economic expansion is the central theme of this new study of the region’s food 


supply and agricultural problems This is the first of a series of four monograph 
bemg prepared on European problems 


Structural Concrete KURT BILLIG 


Following Professor Billig’s previous books, Prestressed Concrete and Precast Concrete, this 
present work aims to provide a Minor Encyclopaedia on Structural Concrete within a singl 
volume The layout of the book follows the scheme established by its predecessors, 
with materials, design, and construction dealt with in that order. 

164 figures, 73 photographs, 113 tabl 


Selected Lectures in 
Modern Physics Edited by H. MESSEL 


leachers and others who require a refresher course in the form of brief accounts ot 
selected topics in physics will find this book of great value, as it covers recent develop- 
ments in many fields of modern physics. The lectures are not formal accounts of their 
subjects, but general discussions of such current topics as nuclear energy, physics in 
rain-making, radio astronomy, and cosmic rays Profusely ulustrated. 30 
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Which of these hooks 
deserve a place in your 
technical library P 


Heywood technicals 


. MODERN DIELECTRIC MATERIALS 


Edited by J. B. Birks, D.Sc. 

This standard work covers all the newer insulating materials as well as the older ones still 
in use. Manufacturers, designers, students and research staff—all interested in insulating 
materials will find this work invaluable. 

250 pages 


PROGRESS IN DIELECTRICS voiume 3 
Edited by J. B. Birks, B.A., Ph.D., F.inst.P., A.M.1.E.E., and Prof. J. Hart, Ph.D. 

This is the third volume in the annual series covering the whole range of the newer 
dielectric materials. It consists of critical reviews surveying the present state of knowledge 
in selected aspects of the subject. An invaluable work for all engaged in research or 
development in insulation and insulating materials. 

292 pages Many useful figures, tables and graphs. 63s 


PROGRESS IN CRYOGENICS voiume3 
Ecited by K. Mendelssohn, D.Phil.( Berlin), M.A.(Oxon.), F.inst.P., F.R.S. 


This is the third volume in the annual series covering the production, maintenance and 
measurement of low temperatures and their practical application to the techniques used 
in basic research 

173 pages 45s 


SPECIAL CERAMICS 


Edited by P. Popper 

This volume represents the Proceedings ot a Symposium held at the British Ceramic 
Research Association. Topics dealt with include Properties and Structure, Measurements ; 
Preparation and Properties of Nitrides; Preparation and Properties of Other Non-Oxides ; 
Furnaces, Techniques, Analyses, etc 

369 pages 


THE JUNCTION TRANSISTOR AND ITS APPLICATIONS 


Second Impression 

Edited by E. Wolfendale, B.Sc., A.M.1.E.E. 

This volume has been prepared by a research team of engineers and physicists. It 
aims to give the engineer, the physicist and the student a comprehensive introduction 
to the junction transistor, its equivalent circuit and its applications 

424 pages 


HEYWOOD COMPANY LTD. 


Book Sales Dept., Tower House, Southampton Street, London, W.C.2 
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PURE and APPLIED 
CHEMISTRY 


THE OFFICIAL JOURNAL OF THE INTERNATIONAL 
UNION OF PURE AND APPLIED CHEMISTRY 


Pure & Applied Chemistry is published with the object of collect- 
ing all the publications of IUPAC conveniently into one journal. 
The journal will publish the work of the international congresses 
and symposia organised by the Sections or Commissions of 
IUPAC and will be especially concerned with those aspects of 
chemistry about which international agreement or uniform 
practice is desirable. 


Published irregularly, four issues per volume. 
Subscription per volume, including postage, £6 ($18.00) 


CONTENTS + VOL. | * PART | 


Proceedings of the Radioactivation Analysis Symposium, Vienna, 1959. 

Recommended Test Substances for the microdetermination of carbon and hydrogen. 
Report on calibration of wavelength and photometric scales of non-recording spectro- 
photometers. 

Report on the standardization of pH and related terminology. 

Terminology for scales of working in microchemical analysis. 

Recommendations for terminology to be used with precision balances. 

Preliminary recommendations on nomenclature and presentation of data in gas chromato- 


graphy. 
OTHER IUPAC JOURNALS... 


INORGANIC CHEMISTRY, 16th Congress, Paris 1957-1958 Price 97s. 6d. 
NOMENCLATURE OF INORGANIC CHEMISTRY. 1959 Price 15s. 
NOMENCLATURE OF ORGANIC CHEMISTRY. 1958 Price 15s. 
THEORETICAL ORGANIC CHEMISTRY. 1959 Price 50s. 
BIOCHEMISTRY & APPLIED CHEMISTRY, 17th Congress, Munich, 1959 Price 75s. 
INORGANIC CHEMISTRY, 17th Congress, Munich, 1959 Price 63s. 
Manual of Physico-Chemical Symbols and Terminology Price 7s. 6d. 
Methods for the Determination of Toxic Substances in Air Price 30s. 
Vitamin D Bioassay of Oils and Concentrates Price 6s. 
Education and Training in the Paint Industry Price 6s. 
The Vitamin A Potency of Beta-Carotene Price 6s. 
Determination of Copper Content of Foodstuffs : Photometric Method Price 3s, 
The Assay of Vitamin A Oi's Price 3s. 


BUTTERWORTH 
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INTERSCIENCE PUBLISHERS 


Some Recent Publications: 


Nerosols: Science and Technology 
edited hy H.R. SHI PHI RD, terosol lechnique s, Bridgeport, Connecticu 


The aerosol industry has experienced phenomenal scientific and commercial progress since the early stages of its 
This book was planned to make available, in a single volume, a complete survey of the information o1 


1G9 - 


development 
the improvements and inventions in this field 


$62 pages, 150 feures, 52 table 135 formulae 


Preparative Methods of Polymer Chemistry 


by WAYNE SORENSON, Research Chemist, and TOD W. CAMPBELL, Research Manager, Textile tile 
Department, E. 1. du Pont de Nemours & Co., Inc 
A comprehensive source book of detailed laboratory procedures for the synthesis and handling of polymers. Most of 
the known classes of polymers and polymer-forming reactions are represented. Equipment, purification, and synthesis 
of intermediates, manipulative techniques, and typical physical properties of the products are described 

79 


346 pages, 49 figures, 17 tables 


Physics and Archacology 


hy M. J. AITKEN, Research Laboratory for Archaeology and the History of Art, Universit 
This book describes some of the ways in which physics has been applied to archaeology. It 1s intended both for the 
general scientific reader and for the student of Archaeomet measurements made on archaeological material 

13 = 


192 pages, 50 figures, 28 illustrations, 7 tables 


of Ontord 


Mandbook of Textile Testing and Quality Control 


Nor th Carolin 


hy ELLIOT B. GROVER. Professor of Yarn Manufacturing, and D. S. HAMBY. Professor of Textiles, 
State College. 
This handbook has been designed for use by executives, technical personnel, and students. Each test has been dis 
cussed following the general pattern of why it is important, factors that influence the test results, and the technique of 
making the test 

622 paves, 151 fieures, 99 tables 132 

Thermodynamics 

(MONOGRAPHS IN STATISTICAL PHYSICS AND THERMODYNAMICS, bolune 11) 
hy P. T. LANDSBERG, Marischal College, University of Aberdeen. 

This monograph covers (1) the General Theory of Thermodynamics, (2) Basic Applications 
the Combination of Thermodynamics and Statistical Mechanics 


nd Extensions, and (3) 
509 pages, 57 figures, 18 tables 103 - 


Lectures on Differential and Integral Equations 


(PURE AND APPLIED MATHEMATICS, Volume X) 
by KOS {KU YOSIDA, Department of Mathematics, Faculty of Science, University of Tokyo, Japan 
Gives a detailed treatment of the boundary value problem of second order linear ordinary differential equations, and 
includes an elementary exposition of the theory of Weyl-Stone’s eigenfunction expansions in the form completed by 
litchmarsh-Kodaira’s formula concerning the density matrix of the expansion 

= 


230 pages, 3 figures, 


Physics of the Solar Chromosphere 


(MONOGRAPHS AND TEXTS IN PHYSICS AND ASTRONOMY, ‘Volume 1) 

by RICHARD N. THOMAS, National Bureau of Standards, Boulder, Colorado, and R. GRANT ATHAY, High 
Altitude Observatory, University of Colorado, Boulder, Colorado. 

Presents an example of recent attempts to develop an analytical method for studying gaseous atmospheres in a state 
other than local thermodynamic equilibrium, and to analyse data as a step towards understanding the thermodynamic 


state of such atmospheres 
fhout 432 pages, 60 figures, 48 tables WZ’ 
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NEW YORK AND LONDON 


fo be Published Shortly : 
Meterocyclic Systems with Bridgehead 


Nitrogen Atoms (in vo parts) 


(THE CHEMISTRY OF HETEROCYCLIC COMPOUNDS, bolume VV) 
WILLIAM L. MOSBY, Research Division, American Cyvanamid Company. Bound Brook, New Jerse) 

Part 1: 758 pages. (S thscription price 323 /~) APRII 360 = 
Il: Ahout 645 pages. (Expected in Julv) 


The Chemistry of Uliphatic and Aromatic 


Aso and Diaso Compounds 


HEINRICH ZOLLINGER, Binningen, Switzerland. (Translated bv H. NURSTEN,. University of Leeds). 
fhout 415 paves, 13 figures, 17 tubles APRII approx 3 = 


Descriptive Palacoclimatology 


edited by A. E. M. NAIRN, University of Durham, King’s College, Newcastle-upon- Tne 
thout 386 paves, 78 figures, 19 tables APRIL appro a7 


Turbulence: Classic Papers on Statistical Sheory 
edited by S. K. FRIEDLANDER, The Johns Hopkins University, and LEONARD TOPPER, U.S. Atomic Ene 
ommussion 


196 pages APRII 


Techniques of High Energy Physics 
(MONOGRAPHS AND TEXTS IN PHYSICS AND ASTRONOMY, Volwne 4) 

edited hy D. M. RITSON, Massachusetts Institute of Technology. 

$44 pages, 170 figures, 34 tables APRIL 


General Relativity and Gravitational Wares 


UNTERSCIENCE TRACTS ON PHYSICS AND ASTRONOMY, Number 10) 
J. WEBER, University of Marvland 
(Paper: 19/-) APRIL cloth 


208 pages, 16 figures 


Nuclear Reactor Fuel Elements: 


Metallurgy and Fabrication 
edited by ALBERT R. KAUFMANN, Technical Director, Nuclear Metals, Inc., Concord, Massachusetts 


MAY approx BOB = 


thout 640 pages 


Apparel Manufacturing Analysis 

hy JACOB SOLINGER, Fashion Institute of Technology, New York. 

thout 976 pages, 189 figures, 12 tables MAY 130 « 
Panch Card Methods in Documentation and Research 


(LIBRARY SCIENCE AND DOCUMENTATION, Volume 11) 

hy MARTIN SCHEELE, Hvdrobiologische Anstalt der Max-Planck-Gesellschaft, Pién, Germany. (Translated by 
EDWIN HOLMSTROM, Pully-Lausanne, Switzerland) 

thout 296 pages, 48 figures, 11 tables. MAY approx 73 - 


The Science and Engineering of Thermoclectricity 
edited by R. R. HEIKES, and ROLAND WW. URE, Westinghouse Electric Corporation, Pittsbureh, Pennsylvania 
fhout 456 paves, 93 fieures, 15 tables JUNI - 
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Blackie 


SCIENTIFIC & TECHNICAL 


Books 


Translation from 
Russian for Scientists 
C. R. BUXTON MA. and H. S. JACKSON ma 


Lecturers in Modern Languages, Manchester College of 
Science and Technology 


the would-be reader 
British Chemical 


‘an invaluable book for 
of Russian technical literature.’ 
Engineering 30s 


Differential Equations 


F. G. TRICOMI 
translated by E. A. McHARG PH.D 


A textbook for university honours students in mathe- 


matics, 
(May) 50s 


Heat and 
Thermodynamics 


DR. J. K. ROBERTS F.r.s 
revised by DR. A. R. MILLER 


‘a well known and greatly respected textbook . 
The publishers are to be congratulated on a standard 
text pfoduced in immaculate form.’ Research. 

45s 


Theoretical Physics 


(3rd revised edition) 


GEORG JOOS 
with the collaboration of I. M. FREEMAN PH.D 


‘The text is lucid and comprehensive and that it 
fulfils a real need is amply vouched for by the bare fact 
that it has been reprinted almost every year since 1940.’ 
British Journal of Applied Physics. 70s. 


For PROSPECTUSES and CATALOGUE apply to: 
16-18 William IV St. London W C 2 


SPON 


22 HENRIETTA STREET, LONDON, 


The Grass Crop 


lis development, use and maintenance 
Second Edition 
WILLIAM DAVIES, p.sc. 


For this new edition two new chapters have 
heen added; and the text has been reorganized. 
ind revised and expanded, in order to include 
the results of the latest research and experiment 
ind an account of modern practice 

Demy &vo.: 376 pp.: 17 24 tables: 45s. ner 


plate 


The Electron Microscope 


The modern state of the art 


M. E. HAINE,. FANST.P 
including a chapter written in collaboration 
with V. E. COSSLETT, s.a., 


Here is an exposition of the theory and practice 
of the electron microscope. The basic physical 
factors affecting design and performance are 
explained, using a minimum of mathematics; 
the progress made in design, the applications 
ind potentialities of the instrument. and modern 
specimen techniques are described 


Demy 8vo.: 256 pp.: 105 illus.: 55s. net 


Radioactive Wastes 


Their treatment and disposal 
written by a panel of experts, and edited by 
JOHN C. COLLINS, B.sc., M.L.C. 
with a foreword by LORD FLECK, k.pt 
D.SC., F.R.S. 
The tirst half of the book is introductory; it 
sets out the fundamentals of the subject. The 
second half is concerned specifically with the 
treatment and disposal of liquid, solid and 
gaseous radioactive wastes, with the results of 
laboratory work and with the experience gained 
in Operating treatment plants in different parts 
of the world 
Demy &vo. 2/ tables: SSs. net 


251 pp.: 45 figs. 


Practical Nucleonics 
\ course of experiments in nuclear physics 
F. J. PEARSON, B.SC., PH.D., A.INST.P. 
and R. R. OSBORNE, B.SC., DIP.ED., A.INST.P 


A collection of forty-nine basic experiments in 
nuclear and reactor physics. This scheme of 
practical work contains introductory experi- 
ments of use in Scholarship Level courses, as 
well as many more advanced experiments suit- 
able for the requirements of the Special B.Sc 
in Physics. It is based on the authors’ success- 
ful teaching of these subjects (particularly in 
postgraduate courses arranged in conjunction 
with the Harwell Reactor School). 
Demy 8vo.: 208 pp.: 40 figs.: 8 pp. of plates : 

37s. 6d. net 
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THE EXPANDING POPULATION 


The Population Explosion and Christian Respons- 
ibility 
By Dr. Richard M. Fagley. 
Oxford University 
University Press, Inc., 
R. FAGLEY has written a useful and timely 
] book which, it must be hoped, will be read by 
many thoughtful citizens. As the title 
it is directed to Christians, in the first place, with the 
purpose of arousing them to think seriously on the 
langers inherent in the Explosion”. 
+ picturesque name for the rapid expansion of the 
population of the world. In this it should be 
vessful, for the writing is lively and clear, while the 
Christian background of the author is evident through- 
yut. No one should disiniss it, however, as one more 
sppeal to uninformed sentiment or theological dogma 
The demographic facts are clearly set out with 
referencos to sources, and the probable consequences 
for the future of mankind are stated calmly and 
objectively. So far as I can judge, the author has 
put the case with due regard to scientific accuracy, 
and, when more than one the future 
levelopment of populations is available, has chosen 
the least alarming among those offered by competent 
withorities. The Christian bias in this section of 
the book makes a welcome appearance at the con- 
clusion of the factual, and impersonal exposition, 
when the author reminds us of the human values 
vhich are in danger. ‘““The main issue is the family 
caught in the ferment and upheaval of social change, 
bewildered, frightened, subjeet to disruptive torces, 
iending to lose its spiritual and social moorings. 
Here is found the most fundamental cost of the new 
pressures of population.” 

The book surveys various possibilities of miti- 
gating the situation. A short discussion of the 
potentialities of improved methods of food production 
tends to the conclusion that they are unlikely to be 
alequate to do more than defer the catastrophe. 
The most controversial of the book deals 
with birth-control, its methods, its sociological bear- 
ings and its ethical problems. In this, of course, 
we come squarely up against religion, and, to many 
readers, the author's summary of the different 
attitudes and teachings of the chief religions of the 
world will be most informative. Naturally by far 
the greatest space is devoted to Christianity, and, in 
spite of a few unimportant historical slips, the 
account of the chief traditions in the Church on the 
subject of birth-control is clear and fair. The 
chapter on the Roman Catholic doctrine is _pre- 
eminently objective and sympathetic, which is no 
small achievement by a writer who cordially disagrees 
with it. His opinion, supported by documents, is 
that the rest of Christendom and its groups, with 
various velocities and degrees of clarity of thought, 
are moving towards an agreement on the subject of 


(London 
Oxford 


Pp. xii -+ 260. 
New York 


net. 


Press ; 


1960.) 


indicates, 


Population 


Sue 


estimate of 


section 


birth-control and the formulation of a moral theology 
for the guidance of their The present 
writer cannot forbear to point out that thi 
Church, Dr. Fagley, 
further than any other in its thinking on this matter 
But this is of small importance. The really important 
message of the is that the short We 
cannot wait for a century of discussion. The time 
to think and now, have a 
responsibility to 
to persuade the politicians to lift’ their eves to the 
future and consider the prospects of the human race 


W. R. Marrurews 


members. 
Anglican 
advanced 


according to has 


book time is 


act is and Christians 


reach an informed judgment and 


A. V. HILL 


The Ethical Dilemma of Science and Other Writings 
By Prof. A. V. Hill. Pp. xiii: 395. (New York : 
Rockefeller Institute Press ; London: Oxford 
University Press, 1960.) 7-50 dollars: 52s. net. 
FTCHERE may be some, perhaps, who will expect 
the short tithe of Prof. Hill's book, as it appears 
on the cover, to indicate the general tone and purpose 
of its contents as a whole. They should be neither 
disappointed nor relievetl to find that it provides, 
im fact, a meal of many different “The 
ethical dilemma of mitist. the 
author, as for any man of science concerned for the 
future of civilization, seldom absent 
from his thoughts. In this widely ranging collection 
of his writings, however, it figures primarily as the 
title of the noble presidential address which he gave 
to the British Association at its Belfast meeting in 
1952; and it is then applied, more inclusively, only 
to the first chapter. consisting of various addresses 
dealing with the aims and prospects of science. 

The internal title-page of the book adds “‘and 
and such an extension is certainly 
required to give any inkling of the rich variety 
characterizing the products of his wide interests 
and agile brain which Prof. Hill has here collected. 
They range, indeed, from deeply considered and 
eloquently presented addresses, lectures and speeches, 
some of them in Parliament during his war-time 
membership, to typically generous and affectionate 
memorials and tributes, to men who have been his 
heroes, comrades and friends. They include full- 
blooded denunciations of social and political tyranny, 
and championship of its victims; claims for what 
science could do, criticism of its neglect and misuse, 
from first-hand experience in two world wars ; and 
advocacy of what it could yet do for the Com 
monwealth, and especially for India’s problems, 
based in the latter case on knowledge gained directly 
on & special mission. 

Prof. Hill’s personal researches in science have, 
of course, been centred on fundamental physiology, 
largely in terms of thermodynamics. These have 
no specific mention in this collection; but the 
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learned to expect, has 
an array of the 
journalistic  canar imvolving 
apparent loss the late Prof. Donnan of 
letters to The Times, 
shafts of 
aimed at These represent, 
indeed of the essential “A. \ It 
hoped that they will give enjoyment to many readers, 
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EDDINGTON: PHILOSOPHER 
OR PROPHET ? 


The Philosophy of Science of A. S. Eddington 
By John W. Yolton Pp. The Hague 


50 guilders 


Martinus Nijhoff, 1960 1! 


ORE than fifteen vears after Eddington’s death 
lL there is still an Eddington problem. The 


but has 
the last 
seemed as if the 


what he 


changed somewhat, it true, 
less puzzling At first-—during 
Eddimgton’s life—it 
ask Has he 


and immediately after his death 


problem has 
not become 
ten vears ot 
right 
saves he has done * 
this assumed in many people's minds the less scien 
tifie form, ‘Can he have done what he said he did ? 
Now both these questions seem to be answered by a 
the more 


formulate 


question to wae, done 


or less firm negative; imterest my 


mor 
the 


way 


idea ofa 
theorv of Eddington-type, m that it 
will be a significantly new type of theory giving a 
vreater insight imto but at the time 
which will indeed be possibl >? is that of most 
Roughly, a theory of Eddington 
which seeks to exploit 


question, Is it possible to 


such a 
science, 
om 
immiecdiate interest 
type would mean a theory 
to the full any limitations imposed on the propositions 
the methods employed in 
making the Such a would 


need to discuss this kind of limitation very carefully 


of serent ite theories by 


riments. theory 


and. because we must understand ‘proposition’ here 


ma very gem ral sense to mean a thought. sentence 
written or spoken or a manipulation with bits of the 
physical world, a theory of Eddington-type must 
itself be in a sense a philosophy of science but not 
in the sense usu illv meant 
tefore such a plan could be earried out we should 
get one whit ole phant out of our path : 
is, the fact that 


what he 


Eddington himself philoso 


phized not ‘im was doing. but ‘about’ what 


dome, 
The 
mares, ized version of the eSsA\ which won 
the Eddington 
show self-conscious 


he was and not alwavs in a verv consistent 


manner. present book is of some assistance 


here It 
first prize im 
and it 
phi losophy in it 


Belgian competition, 
Eddington 


British, context 


secks to this 


orrect, essent ially 


t hue 


recent 


Locke and Hume are shown as ancestors ot 
theory of know ledge, the protessionat 
exponents of which include Any 


of Eddington’s philosophy of science moust recognize 


riost 

Russell analysi- 
the twin strands of operationalism and dualism i 
his thought and 
uniting them... 


must possibility of 


iby].. 


appreciate the 
a careful analysis of dualist 
reanimy Such a discussion gets us no nearer to 
in appreciation of scientific theories of hddingtor 
but the author is clear and COM pre honsive 


KILMISTER 


his purely philosophical task CW 


HENRY CAVENDISH: 
HIS LIFE AND SCIENTIFIC WORK 


Henry Cavendish 
His Life and 
Pp. 2084-4 plates. 


(Publishers), Ltd., 


Smentitie Work By A. J. Berry 


Hutchinson and Co 
net 


(London : 
1960.) 35s. 


kg is more than a century since George Wilson pub 
lished (under the auspices of the Cave ndish Society 
his Life of the Honourable which he 
remarked on the paucity of information regarding thre 


Carendish in 


man himself. It is a careful and thorough piece of 
work, so it is not surprising that no further attempt 
was made to write a life of Cavendish, at least until 
after 1879, when there appeared Maxwell's edition 
ot Cavendish’s the 
previously published, hence unknown oO 
physicists before that date. This 
led. one might have thought. to a 


of Cavendish in the history of science 


electrical researches, for most 


part not 
revelation would 
have revaluation 
of the place 
adapted to the needs of those not having the detailed 
knowledge to read the Collected Researches, a further 
volume of which, Chemical and Dynamical, appeared 
with a revised version of the 1921 M 
\. J. Berry’s book can be said quite literally to fill 
this long-felt want 

Of Cavendish’s life and personality little 
could be added to what Wilson had written, but the 
new the should at 
dispel the common opinion that the sole occasions of 


former im 


THore 


pre sentation of evidence least 
Cavendish’s emergence from Clapham Common wer 
Dining Club 


matter 


his attendances at the Roval Society 
Whenever 
involved, 
leading participant. 
of the Royal Society reveals his very regular atten 
body 


and wherever scientific Was 


Cavendish was an active and often a 


Perusal of the Council minutes 


meetings of that over two separate 


dance at 
periods of several years ; that he was chosen several! 
tirnes as one of the auditors of the Society's accounts ; 
and was a member of the committees ‘on measuring 
the attraction of hills and mountains’, the 
of the Purfleet powder magazines, 

meteorological 


protect 


lightning 
disposal ot 


from 
the 
cording instruments at Somerset House, the flooring 
of powder mills such as Waltham Abbey, the ‘erosion’ 
of the gold coinage and the 
\bove all, he regularly took part in the ‘Visitations 
to the Royal Observatory’, and his name is usually 
prominent where a re port on any special instrument 
was called for. 
ot his private researches, involved a good deal ot 
travel. Finally, the fact that a vear before his 
death he was asked to join the group within the 
Roval Society known as the ‘Society for the Promo 
Animal that he 


and magnetic ré 


thermometriec seal 


Manv of these duties, as also some 


tion of Chemistrv” suggests was 


4 
o 
‘ 

if 
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with whon other serentists, 


it a pleasure to work 

\fter a pre liminary sket« h of the state of science in 

Mr. Berry deals with Caven 

sh’s researches under the separate heads of chemical. 
ana 

wisely 


eighteenth century, 


trieal, thermal, meteorological, dvnamiuca! 


In the Cin of the chemical he devotes a 


separate chapter to the discovery ot the composition 
of water. This 
of Watt. Cavendish, and Lavoisier——might 
thought to been settled bw the 
report of Lavoisier, Laplace, and others to the Paris 
Academy im L790 
Cavendish’s discovery in guarded 
Mr. Berry reminds us, to the 
Cavendish understood by phlogiston 
In his chapters on the researeh on electricity and 
heat (for the most part unpublished by Cavendish 
Mr. Berry brings out admirably the peeuliar nature 


ause celebre on the 


relative prior- 


ave been have 
But it is still necessary to express 
terns, as 


“question as to what 


his deep under 
should 
call the intensity and eapacity factors of electricity 
incl heat the theorv of divided eireuits imvolving 
applicat ion of Ohm's Law the equivalent 
the better-known work 


of Cavendish’s genius, revealed by 
standing of the distinction between what we 


conduetivity of electrolytes ; 
on dieleetrics ; and, perhaps most re markable of all, 


the thermal heterogeneous systems, 


leading to the recognition of the existence of definite 


prop Thhes of 


hvadrates crystallizing at 

Mr. Berry 
work to life in a 
distortion 


points of easiest freezing 
succeeds in bringing all this neglected 
highly readable without 
The book is well produced ; 


manner 
historical 
one must. however, regret that a book which should 
have a wide appeal must be sold at suc h a relatively 


high price PP. 


HOMAGE TO SHERRINGTON - 


The Discovery of Reflexes 
By Prof. E. G. T. Liddell 
Clarendon Press ; London 
1960.) 30s. met. 


Pp. vi+174. (Oxford 
Oxford University Press, 


is a book of scholarship and insight that 


has been tribute to the life and 
work of Charles Sherrington It is not a text-book 
and it is not a biography \s I have read the 


book, it has appeared to me to have more the drama 


written as a 


tie quality of an epie It is with consummate skill 
that Liddell has set out to survey the development of 
in the to understand the 
of the and 
the nervous system. 

This historical outline of neurophysiology falls 
into two parts : the first. before Sherrington’s time, 
showing the system of beliefs that were current at 
the outset the second, during the 
first twenty that 
the appearance of his great book The Integrative 
{ction of the Nervous the first three 
chapters of the book. Liddell traces the development 
of three separate modes of investigation which were 
to be fused together by Sherrington. 

In these days of electron-microscopy, the investi- 
vations even a hundred years ago 
look extremely primitive. Yet a few later 
Deiters, “the forgotten histologist’’ as Liddell calls 


scientific thought attempt 


essential features structure function of 


of his active life ; 


vears of his active life is, up to 


System. In 


of hist ologists 
years 


was drawing pictures of nerve cells that have 
One 


him, 
never been surpassed in accuracy and beanty. 


that the classical flowering of 
neurohistology would have been a generation earlier 
but for Deiters’ tragically death at the 


nine So the first chapter of the book 


ean be confident 
premature 
age ot twenty 
closes in the last decade of the nineteenth century 
with the development of the twin concepts of the 
and the SV The independencs of the 
as established particularly by Cajal, led 
the CONMNOXLON 
intimate 


neurone 
Sherrington to functional 
at the contact, the 
that had been seen by Held and Auerbach. 

The third chapter, Experimental Approaches’ 
describes in detail not only the 
but the that abounded in 
teenth century neurophysiology 
that heat 


often so 


postulate 


zones of vers SVRApPses, 


great expernunents 


also CONTrOVETSICS nine 
In retrospect, ome 
SO h 


little 


ean regret was generated where 


there 
same time he sohered with the thought of how poor 


was light, and one can at thi 
our present efforts may look after a further century 
Bell, Majendie, Marshall Hall, Miller 
Pauger are the domimant figures, and the 
young Sherrington must have recognized the muddled 


ot retrosp et. 


thinking and the unjustifiable arguments that charac 
terized much of the literature Yet Liddell surmises 
that the seeming confusion would hav been mit iwated, 
Sherrington would have the advantage of 
Text-book of Physiology and of a 
book by Vulpian, Legons sur la physio 
which Sherrington re 
membered life. One can 
that much to his early 
exposure to the thoughts ot Vulpian on the nervous 


because 
Michael 
remarkable 
logie du 


Foster's 


systeme nerveua 

with pleasure all his 
Sherrington owed 
system 


By contrast with these two main influences on 


Sherrington, the Animal Elee 
’ is of less interé@st, and this certainly reflects 


second chapter, on 
tricity 
the impression it must have made on Sherrington 
Klectricity certainly provided him with convenient 
stimulating de but, the end of his 
scientifie life, electrical recording was prinutive and 


His great contributions 


Vices even at 
he made very little use of it. 
were based on the analysis of muscular contractions 

After the three chapters that formed the back 
ground on which the performance of Sherrington 
is to be staged, Liddell Sherrington in 
this remarkable way “In the vear 1879 two events 
. which, though quite unrelated at the time, 
seventy years after, to 


Teh es 


took plac 
may both 
been significant for the neurology. The 
first was the appearance of volume 1 of Brain, a 
Journal of Neu P| qe It containe d, as it happened, 
a paper by George Henry Lewes on “Muscle Sense’, 


seem now, have 


science oft 


an old problem which in due course engaged the 
attention of Sherrington and others after him. The 
event the of Charles Seott 
Sherrington to Cambridge, at the age of twenty-one.’ 

The chapter so introduced 
particular interest because Liddell himself naturally 
adopts a personal relationship to his subject. So 
mueh that he writes about Sherrington comes from 
that understanding which from the 
personal relationship that existed between Liddell 
and Sherrington during the Oxford phase of Sherring- 
ton’s life. We can see how quick Sherrington was 
to grasp the significance of the organization that was 
being revealed in the central system by 
Cajal, von Kélliker, van Gehuchten, Golgi and others. 
The story that Liddell has told shows how the young 
Sherrington applied all this new knowledge with 
unerring intuition so that he was able to build up, 


second was admission 


was to me of 


derives close 


nervous 


= 
‘ 
| 
‘ 
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in a few years, the basic concepts of reflex function 
that have formed the foundation of the neurology 
that we know to-day 

We are indeed grateful for a book with such insight 
and appreciation of the atmosphere in which Sherring 
ton found himself in the latter nineteenth century 
and of his amazing creative achievements at that 
same time. Liddell has made this formative period of 
modern neurology live for us in a way that no one 


else could and we must be very grateful to him 
for it 

Phe book is very well produced, and there is a most 
valuable biographical appendix J. C. Eccres 


FORM IN ART AND NATURE 


Kunst und Naturform (Form in Art and Nature) 
Herausgegeben von Prof. Georg Schmidt und Prof. 
Robert Schenk. Pp 134 (68 tafeln) (Basel : 
Basilius A.G., 1960.) 68 franes 


gt problem of form in art and in Nature has 


Pre 


been discussed im one sense or another at least 
since the period of the Egyptian dynasties, and one 


wonders whether the discussion had a counterpart 


even among the Aurignacian and Magdalenian 
artists In the twentieth century there have been 


a number of works which approach the problem from 
commonly from a mathematical 
\mong these we may recall Colman 
Ha monic Unitu, Cook's The 
essays on Dynami 
Form in Art, 
Discorery of 


various angles, 
poimt of view. 
and Coan’s Nature's 
Curres of Life, Hambidge’s 
Symmetri, Irma Richter’s Rhuthm 
P. EK. Nobb’s Design: a Treatise on the 
Form, 
Loran’s 
The book under notice pro\ ides a 
novel approach, because it makes a 
photomn ro 


Arey Thompson's On Gh and Form. 
F others 


mnese Composition and 


comparison between 
graphs and modern non-representa- 
(or sculptures). It 
originated in an exhibition held 
in the Kunsthalle at Basle in 1958, 
and entitled Form in Art and 
Nature where the 
parison was made on a larger scale 


tional paintings 


The book provides short intro 
ductory articles by Willy Jaggi. 
Adolf Portmann, Georg Schmidt 


and Robert Schenk, followed by a 
series of well-printed plates, many 
of them in colour. The plates are 
arranged in pairs, so that on each 
left-hand page is a photomicrograph 
of some plant, animal or mineral 
subject, faced on the right-hand 
page by a reproduction of a work 
of art (usually a painting). The 
painters repre sented include Céz- 
anne, Braque, Picasso, Mondrian, 
Matisse, Kandinsky, Klee, Giaco- 
metti, Jackson Pollock and various 
others. and the designs illustrated 
include a number of successful and 
attractive patterns and textures, 
moatly of the type co. ered by the 
term “non representational’, though 
classified here under several head 


The aim of the exhibition and 2s. 4 


ings 


X-ray photograph of a human wrist. B, 


of the book has been to demonstrate a close similarity 
between forms revealed by the microscope, and those 
to be seen in the work of certain artists ; and to 
comment on this not claimed 
that photomicrographs or sections seen by artists 
under the microscope actually inspired the designs 
which resemble them (though this must have happened 
occasionally), but that the works of art came to 
resemble the microscopic preparations because of the 
of the twentieth 


resemblance. It is 


prevailing intellectual climate” 
century 
Now the 
attractive, and intriguing; the text is sensible and 
thorouvhls interesting ; but I think none the less 
that the conelusions should be challenged. In the 
first place I believe that many of the pairs of pictures 
Some of them are (sv 


pictures mn this book are imstructive, 


are not genuinely comparable. 
much so that their independent evolution is remark 
but in comparisons are made 
which seem to me invalid. For example, 
Cézanne’s ““Sous-Bois”’ unlike the 
photomicrograph of deformed brass printed opposite 


able) ; other cases 
quite 


pecul at ly 


to it. The same applies to comparisons between 
Braque’s “Paysage a ['Estaque’ with the minute 
surface-structure of aluminium, and between a 
cubist Picasso and another aluminium surface 


Again, an X-ray photegraph of the human wrist 
bones— hard, bony, three-dimensional and fibrous 

is compared with a design in flat washes by Paul 
Klee, which shows a delicately coloured pattern of 
irregular shapes having no fundamental resemblance 
to the X-ray picture (Fig. 1 Further, a rigid, 
angular skeletal structure attributed to a marine 
isopod is compared with a pattern of coloured areas 
by Poliakoff which entirely lacks the hard, three 
dimensional sculpture of the skeleton. But whether 
the painted pattern resembles a microscopic prepara 


B 
“Lichtbreitupg” (1929) 


Paul Klee 
(From Form in Art and Nature, pp. 106-7) 


| 
Mal” 
— 
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one feels that on the whole 
the natural 
and funetion depending on 
rigidity, 


Tire or le lowe lv. 


the comparison is fallacious because 


ibject has a structure 


certam eculiarities of its such as 
I 


elasticity, 


rendering its fine 
structure of a certain 
architecture and function) fundamentally unlike the 
work of art which, being ‘non-representational’, is a 
and 


strength or 


(which is ‘represental ional 


tensile 


pattern or texture representing no structure 
that the 
superficial and meaningless (although undoubtedly 
ntriguing), that be based on it. 
and that it has nothing to do with the “intellectual 
climate I feel that it is allied to the 
view so often presented to us by art erities that 
modern artists of certain types reveal to us ‘fanda 
which underlie the real natura! 
A biologist who has studied 
plant and animal forms in great detail over many 
well agree that Nature has ‘fundamental 


but he knows more or less clearly what these 


funetion To me itt seems comparison is 


no conelusion can 


of our century. 


mental natural fornis 
shapes which we see 
vears may 
forts 
and Is less likely to agree that modern art 
them. For example, when Henry Moore 
something between a human 
gure and a pelvie girdle, I believe that he is making 
a plain mixture of superficial natural forms and not 
revealing anvthing fundamental: this is merely an 
interpretation, not a Similarly, I believe 
that 
far as they exist at all, are accidental, and reveal 
nothing fundamental 

This conelusion has no element of antipathy to 
the works of art in question, many of which I find 
even beautiful in themselves, 
the photomicrographs are fascinating in themselves. 
But to me they are two independent series. I think 
that some of the earlier books dealing with form in 
art and Nature may have approached the truth more 
than this one, though nobody has yet solved 
the problem. T. A. STEPHENSON 


forms are, 
reveals 


carves intermediate 


the similarities in the book under review, in so 


fascinating or just as 


closely 


SCIENCE IN PROGRESS 


Science in Progress, Eleventh Series 

By Armand J. Eardley, Richard J. Russell, J. Tuzo 
Wilson, Serge A. Korff, C. M. Jansky, Jr., Gerald 
S. Hawkins, Alfred C. Redfield. B. F. Skinner, 
Roger J. Williams, E. Cuyler Hammond, J. W. 
Beard, John Turkevich and A. C. Zettlemoyer. 
Edited by Hugh Taylor. (The Society of the Sigma 
Xi devoted to the Encouragement of Research 
National Lectureships 1957 and 1958.) 
379. (New Haven, Conn.: Yale Uni 
Press ; London: Oxford University Press, 
608, net. 


in Serence. 
Pp. xn 
versity 
1960.) 


rFXHIS book will appeal to professing amateurs 
| and to amateur-professionals—to those who, asa 
cultural exercise, are interested in science and what 
is happening in various fields ; and to those scientists 
who are interested in developments outside their 
own specialities. Since it consists of essays which 
are surveys and re-appraisals, it will not tell those 
working in the selected subjects much that they 
did not already know. 

A Greek scholar (say) would find the three contri 
butions on the earth-sciences (Eardley’s ‘The 


Cause of Mountain Building” Russell's “Instab 


ility of Sea-Level” ; and Tuzo Wilson's “Continental! 
) intelligible and informative. A professor 
himself for the disputations 
*, would be well briefed on techniques 
of radio astronomy by reading Gerald S. Hawkins. 
with a side-interest in “Origins of Cosmic Radiation 
(Korff), but he might feel that 
insight into C. M. Jansky, jun., 
Karl and 
about which he 


Growth 
of theology 
on “steady state 


bracing 


he was getting more 
than into his brother 
Astronomy 
writing. The 
rewarded, 


Beginnings of Radio 


feel less 
houghts and activities 


Year 


student of geophysics would 
since the work reflects only the 
aroused by the International 
and little, if any, of the findings 
On the other hand, he, or any scientist, 
would surely find Williams’s “Chernical Anthro 
engrossing and Here is the 
proposal for the “marriage of chemistry and anthro 
pology’’. Neither pbvsical nor social anthropology 
will be superseded but something new will be added 
The study of human beings in terms of their bio 
chemical individuality can be said to have started 
with Landsteiner’s discovery of blood but 
now, with insight into enzymes, endocrine glands and 
all the subtle differences in the body-chemistry, the 
chemist should be the kind of 
information which would explain the ‘eachness’ of 
all of us. One thing which Williams shows is that 
there is no such thing as the ‘average man’. Skinner 
The Experimental Analysis 


Was SUpPpost to be 


Geophysical 
exact 


challenging 


LrOUps, 


able to assemble 


complements this with 
of Behaviour 

Not only 
conditions under which life exists, but also recipro 
cally the organisms influence the conditions prevailing 
in their environment. From that, Redfield proceeds 
to show how the chemical factors can be influenced 
biologically. Conversely, Harmmond’s masterly 
paper on the statistics of smoking and lung cancer 
might be said to show how biological factors can be 
influenced chemically. In the ultramicroscopic en- 
vironment, we have Beard on ‘*Viruses as a Cause 
of Cancer’, and Turkevich.on ‘‘The World of Fine 
Particles’? and, to finish up, Zettlemoyer on Mole 
cular Interactions with the Surfaces of Solids” 

Of course, as in any sSympostum, the quality of 
presontation varies, but in general it can be said 
that any intelligent person can have his ignorance 
of any of the subjects illumined. 

CALDER 


does thesenvironment determine the 


THE BRITISH ECONOMY IN 
TRANSITION 


British Industry 
Change and Development in the Twentieth Century. 
By De. J. H. Dunning and C. J. Thomas. Pp. 232. 
(London: Hutchinson and Co. (Publishers), Ltd., 
1961.) 308. net. 


HIS survey of the changes in the British economy 
1914 manages to cover a very broad 
field in a little more than 200 pages. The topics 
include industrial structure, ownership and location, 
energy and power, research and trained man-power, 
new materials and processes, the State and industry, 
and international aspects. Drawing on a wide 
range of sources, the authors have given a clear 
quantitative picture of developments under each 


since 


plat 
= 
= 
fies 
Sed 
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of their main headings. The book is intended for 
first- and second-year undergraduates reading econo- 
mics, as well as the layman interested in British 
industrial development in general. 

The authors find that British industry in 1914 
was “structurally maladjusted im relation to the 
world economic trends then emerging’, and it is 
inferred that this was a major reason for the relative 
stagnation between the wars \ comparison between 
the rate of industrial growth of 2 per cent per annum 
between 1880 and 1913 and 3-4 per cent per annum 
between 1815 and 1876 is taken to indicate a falling 
behind in the race: Britain had become “over 
specialized’; her share of world trade in manu- 
factured goods fell from 38 per cent to 27 per cent 
between 1876 and 1913; in this period, too, a large 
part of her investments were directed to the Domi- 
nions, South America and the United States, ‘“princi- 
pally at the expense of domestic capital formation” 
This assessment is not free from internal contra- 
dictions. The fall in Britain’s share of world trade 
was simply a reflexion of the arrival of new large 
countries much-expanded world ; and _ this 
share would have shrunk more if she had not indulged 
so liberally in foreign investment. Moreover, it is 
misleading to characterize capital ¢ xports over the 
period 1870-1913 as being principally at the expense 
of domestic capital formation. There was an 
inverse relation between long eyveles in home and 
foreign investment in that period, and so one might 
just as well say that in certain phases of the eycle 
domestte investment was at the expetise ot toreign 
It would have been better if the authors had inquired 
to what extent the organization of the British 
capital market in the pre-1914 period set a premium 
on capital exports 

Most readers will be interested in the contrast 
between recent industrial growth and the stagnation 
of the inter-war years; within its compass, the 
book gives a clear account. of the most striking new 
features. It succeeds very well in describing tech- 
nical progress im reasonably non-technical terms. 
It is salutory to be reminded that. at the peak of 
full employment in 1955, coal imports rose to £73-7 
million (some £20 million more than coal exports), 
and that the revision of projected atomic energy 
investment in 1960 eut the earlier programme by 
half. There is one singular omission in the analysis 
of resources ; nothing is said of the bearing of 
water supplies on the growth of industry and 
agriculture. 

On Britain’s external economie problems in recent 
years the argument is uneven. On p. 211 we learn 
that Britain has increased her share of the « xpanding 
group of export trades by more than that of any 
of her major competitors: on p. 217 we are told 
that two-thirds of Britain’s export trade is with “‘the 
poorer and less highly industrialized countries 
whose people have comparatively simple tastes” 
and so it is not surprising that Britain’s share of 
total world trade has been falling. The analysis 
would have been clearer if the authors had been 
less impressed by the significance of changing 
‘shares’ and more concerned with the movement 
of the terms of trade corrected for productivity 
changes in the export sector. One would have 
liked to have, as a concluding section, a more thorough 
examination of Britain’s dilemma concerning the 
European Economic Community. 

THoMaAs 


STRUCTURE AND FUNCTION 
OF MUSCLE 


The Structure and Function of Muscle 

Edited by G. H. Bourne. Vol. 1: Structure. Py 
xvi + 472. (New York: Academic Press, Ine 
London : Academic Press, Ime. (London), Ltd.. 
1960.) 14 dollars. 


= volume contains chapters contributed by a 
number of eminent workers It is obviously 
impossible to deal with all aspects of muscle in any 
one book, but a better balance could have been 
obtained. Recent findings with the electron micro- 
scope dominate throughout. Apart from a des ription 
of the motor end-plate, there is little reference to 
the innervation of skeletal or smooth muscle. The 
difference between phasic, tonic and slow muscle js 
dealt with in less than a page. 

The volume is entitled Structure, but it has proved 
difficult to separate structure from function. Indeed. 
the value of a book of this kind is in the integration 
of structure with function. The chapters in which 
this has been done are excellent. 

Chapters 1 and 2 contain good general descriptions 
of the anatomy of whole muscles and their relation to 
movement, and of the micro-anatomy of muscle 
Both appear to have been written with the student. 
rather than the experienced worker, in mind, and in 
this they are out of keeping with the rest of the 
volume. The deveiopment of striated muscle is dealt 
with in Chapter 3, which makes difficult, reading : 
more diagrams would be helpful. Chapter 4 is a 
résumé of the histochemistry of developing muscle, 
with good illustrations. The significance of the find 
ings merits attention in greater detail. Chapter 5 is a 
clear exposition of the structure and behaviour of 
skeletal muscle in culture. 

In Chapters 6 and 7 the structure of skeletal muscle, 
as shown by the electron microscope, is described in 
detail, emphasis being placed on the sarcoplasmic 
reticulum in the former, and on the contractile 
elements in the latter. The presentation of Chapter 6 is 
outstanding, and forms an excellent pattern for an 
mivanced reference work. Chapter 7 includes a clear 
description of the sliding filament theory of museular 
contraction, and the figures are very good. 

Chapter 8 deals with the difficult subject of smooth 
muscle, but is unnecessarily obscure. No clear picture 
emerges of what is, in fact, known, and detailed 
acquaintance with the literature is assumed. The 
problem of the relation and conduction between cells 
is not mentioned. Many figures are not referred to in 
the text and cannot be interpreted from the legends. 
A very good, comprehensive, review of the compara- 
tive anatomy, biochemistry and physiology of inver- 
tebrate and vertebrate muscle is given in Chapter 9. 
The subject is treated at a very advanced level. 
but is well presented, and a good summary is 
included. 

Chapter 10 describes clearly the detailed structure 
of the motor end-plate, as demonstrated by standard 
staining techniques and by electron microscopy. 
There is no reference to the number of end-plates on 
different types of fibre, or to en grappe terminations. 
The structure and behaviour of muscle-spindles and 
other receptors in muscle are dealt with in consider 
able detail in Chapter 11, which is readily intelligible. 
nevertheless. The section on comparative physiology 


is 
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of musele receptors is particularly good. Chapter 12 
convincing description of the evidence obtained 
from hi microscopy that the 
cardiac muscle into definite 


thre solution electron 
ntercalated disks divide 
cell territories. 

Some chapters have excellent and 
iniformity in this would be he Ipful to less experienced 
The practice of having magnification scales 
on the plates should be used throughout. Printing 

rors are the author index page numbers 

terring to the last three ¢ hapte TS are two payes out 
not sufficiently 


readers. 
few 
Several chapter page headings are 


The book 


book 


Ss not, and is not intended to be, a text 
muscle; it is an encyclopedic reference 
work. ‘The aim of providing a balanced source of 
been achieved fully, and more 
‘tuuformuty in presentation is desirable. Nevertheless. 
the volume contams much excellent material of value 
to those who work with muscle. and Chapters 7, 10, 
Ll, and the summary to ( hapter 9, should be read 
bv all advanced students and teachers. 


nformation has not 


I. A. Boyp 


CELL TISSUE AND ORGAN 


Notions de Cytologie et Histologie 
Var Prof. M. Cheévremont. Réimpression 
Pp. iv+991. (Liége : Editions Desoer, 1960.) 


1960 


investigation of form and = function 
has made tremendous strides through the invention 
of new methods. Their influence on evtology and 
reflected strongly in this interesting 
hook 

divided 
these the 
certainiv 


URING the past twenty vears or so. the micro 


opie 


lustology is 
ind important 

The 
and of 
fist ; it 


three sections, 
noteworthy is perhaps the 
the rest a special, 
if not a unmiqne, flavour. It comprises a series of 
chapters on the cell. the author has had 
iong experience of work with the ciné-camera and 
tissue culture, it is not surprising to find that reference 
is continually made to events in the living cell and 
that dynamic aspects of structure are preferred to 
discussion of morphological minutiz. In this seetion 
are many striking illustrations taken from the author's 
motion picture studies. Among the early chapters 
is a full and detailed account of histochemical tech. 
niques, the results of which are illustrated by many 
excellent colour plates. Unfortunately, owing to 
rapid developments since the book was written. 
this is already out of date ; nevertheless, it indieates 
the general aims and potentialities of histochemistry. 
Since original publication there has also, of course, 
been an explosive growth of information 
trom the eleetron microscope following on perfection 
of techniques for ultra-thin sectioning. The next 
edition will call for the inclusion of better illustrations 
and more mention of such topics as the endoplasmic 
reticulum and the newer views on the structure and 
function of the Golgi apparatus. 

The second part deals with the basic bodily tissues, 
and the third with organs and cell systems. The 
approach is consistently dynamic; attributes of 
the living tissues are discussed continually and 
further accentuated by description of their behaviour 
in vitro. A chapter in the third section which will 
naturally be read with great interest concerns the 


text is man 


to 


since 


almost 


“<Vstem. to use the word preferred 
for roticulo-endothelial’. Prof 
intriguing views on the transformation 
cells, 


lized 
phagocytes are 


histioevte 
by the 
Chevremont 


author 


of comparatively even muscle on 


epitheliun imto wandering 
expressed in a 
Minor 
are quoted in the text there are few bibliographica! 
references, and that some of the photomicrographs 
might with advantage be replaced by diagrams 
However, there is no doubt that the postgraduat: 
student and junior staff member particularly will 
find the book invaluable, as would anybody wishing 
to assess the present status of the subject. Inevit 
ably, since they have held the field so long, comparison 
of this book must be made the trans-Atlanti 
manuals. It would be fair to say that the illustrations 
on the whole inferior; however, the text is 
written in a more adult style than some; but the 
principal difference, sternming from the first section, 
o lie in the continual reference back to the 
functional attributes of individual Indeed, 
the inclusion of such a lively and interesting introduc 
tion to cytology within the covers of a book on 
histology raises questions the relationship 
between the two. For example, How much cytology 
ought the student to know before embarking on 
histology The latter, of deals mainiy 
with the arrangement, maintenance and function 
of cell populations, and seeks by experiment to 
identify the controlling factors. In the majority 
of standard books the cell itself is still dismissed 
quite shortly Neglect of the brick when little 
was known about it and concentration on the edifice 
may have been unavoidable a generation ago. Now, 
however, there is a mass of knowledge about cells 
which is of absolutely basic importance ; basie for 
the graduate in biochemistry, physiology, biology, 
and basic for the medical student with his additional 
cells. Prof. Chévremont has 
erected a signpost. In most histology laboratories 
in Britain. unfortunately, it cannot be followed 
until additional curriculum time and staff are pro 
vided. N. M. Hancox 


stimulating fashion 


criticisms are that although many names 


with 


are 


seems 


cells. 
about 


course, 


interest in abnormal 


ANIMAL HUSBANDRY 


Animal Husbandry Heresies 
By Dr. Allan Fraser. Pp. 200. 
Lockwood and Son. Ltd., 1960.) 


(London : 
l6s. net. 


Crosby 


N twenty short essays the author criticizes in a 
interesting way many current beliefs in 
animal husbandry. Both the practical and scientific 
aspects of animal production are covered under four 
main headings —inheritance, environment, husbandry 
and purpose. After discussing early breed improve- 
ment and Bakewell’s methods of inbreeding and 
progeny testing which led to the formation of breed 
societies, the latter are criticized for paying too much 
attention to the trade-marks of colour and form 
rather than to commercial qualities. It is pointed 
out that the recent extension of such breeds as the 
Clun sheep and Friesian cattle are due to the latter 
Exhibits at shows of dairy bulls, poultry and sheep 
without production records are considered futile. Dr 
Fraser is critical of the authenticity of many pedigrees 
in the past, but does not mention the new blood. 
group test. 
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freneticist comme under fire From a production 
pomt of view the postulat on of new genes gets us 
nowhere, and, although progeny tests are useful, th 
method of their appl cation needs further research 
In man the differences in physique at different class 
levels are due to the environment of rearing and but 
littl: to ygeneties; this is also true for animals. 
Certain environmental effects, such as vitamin 
deficiencies, may be Parse d on to the next generation 
a8 may maternal effeets such as size in horses. His 
nan erticism of present day genetics is that it does 
not vive nough ere clit to environment, both ONte rnal 
and internal, for it ~ only the pros son of proper 
nutrition which allows the full genetical potential for 
production to be expressed. 

The science of animal nutrition places too much 
faith in rationing on tables of food analysis which 
are based on chemistry and not enough on the 
biolog cal value to the animal : this is the case with 
non-protein nitrogen. The present distinction between 
mamtenance and productive rations needs a new 
outlook, for a cow can draw on her body for milk 
production rhe transition from peasant to mech 
anized animal husbandry, which has not yet pro 
ceeded far enough in Great Britain, ts outlined and 
the losses and Pains wane ssed On the medical side, it 
is doubted whether the protective value of foods, 
such as milk and eggs, is as good as it used to be 
before imtensive methods of production were em 
ployed. The author's description of hill ewes at 
the end of winter as being “pregnant skeletons con 
cealed in wool” is typical of the force with which he 
makes his points. 

rhe book is provocative, for there is just cause 
for some of his criticisms, while for others, one 


hopes that they will stimulate replies from = the 
JoHN HAMMOND 


sper ialists concerned 


BROADLEAVED TREES OF 
BRITAIN 


Guide to British Hardwoods 
By Dr. W. B. R. Laidlaw Pp. viii} 240. (London 
Leonard Hill Books). Ltd 1960.) 


ee main purpose of this handbook is to provide 
students, foresters, and others interested in the 
subject with a ready and accurate means of identifving 
the broadleaved trees of Britaim. This is achieved 
vith notable snecess for, although the range of 
subject-matter is wide enough to attract the interest 
of those who have a fairly extensive knowledge of 
botany, the presentation so clear that the intel 
ligent novice should have little difficultv in using 
it to identify all but the least commonly found trees 
and shrubs 

To some the title of the book will seem misleading 
Does not the term hardwood suggest a discussion of 
timbers and the trees which produce them? But 
here is a field approach to the whole range of native 
broadleaved trees and shrubs toget he r with those 
which have become so well established in Britain 
that they form a regular feature of its countryside, 
parks, and gardens, and there is also a carefully 
made selection of less frequently seen introductions 
Only brief references are made to the qualities of the 


timber for which many hardwoods are of importance 


Are all the major hardwoods really in such short 


supply as the writer would have us bebeve *), and 
none to structural features. 

All characteristics not considered essential tor 
identification of the species in the field in all seasons 
have rightly, in a book of this kind, been discarded 
for the sake of clarity . but no trouble has been spared 
to show how the essential features may be used, 
through several lines of approach, for accurate 
identification. There are, for example, separate 
keys based on winter bud and twig details, summer 
characters, and fruits, summarized tield characters 
in a concise tabular form, a table of seasonal charac 
teristics, and the short, but adequate, deseriptrons 
of each species. One of the most outstandimy 
features of the book must be the beautifully 
drawn and reproduced illustrations of leat, flower, 
ete., in fine detail but with commendable clarity 
The omission of any scale is, however, most rewret 
table. 

For the begimner there is a short account of botanica! 
anatomy and morphology. This is necessarily very 
condensed, and the beginner may find a little diffi 
culty at first in absorbing parts, but such features us 
leaf- and flower-form, used extensively im ident:- 
fication of species, are given more fully. Together 
with the glossary of terms elsewhere in the book 
the student should have sufficient background 
information to enable him to make full use of the 
main part of the work. 

Those who are familiar with the commoner trees 
will find much of interest im the less-known species 
which the writer was, fortunately, persuaded to 
include, and will be most grateful for the more 
complete treatment given to the comple X problem ot 
identifving the willows and poplars 


ADVANCES IN PLANT PHYSIOLOGY 


Annual Review of Plant Physiology 

Vol. 11 Edited by Leonard Machlis, in association 
with Winslow R. Briggs. Pp. vil-+-468. Palo Alto, 
Calif.: Annual Reviews, Ine., 1960.) 7 dollars 


WwW? the present volume of the Annual Rerieu 
of Plant Physiology this useful publication 
enters the second decade of its existence As in 
past years the subjects dealt with range widely ove 
the whole field of plant physiology. This volume of 
the Review has very much an international character. 
for the contributors have been drawn from no fewer 
than ten countries. Five of the contributions ar 
from the United States, three from England, two 
from Germany and one each from Australia, Canada, 
Denmark, France, Japan, New Zealand and = the 
U.S.S.R 

Of the seventeen articles, nine are concerned with 
various aspects of metabolism, which include the 
primary processes of photosynthesis discussed by 
\. A. Krasnovsky, and energy transfer through 
phosphorylation mechanisms in photosynthesis by 
©. Kandler. Nitrogen metabolism is represented by 
a short article by C. 8S. Yoeum in which recent 
advances in knowledge of nitrogen fixation ars 
considered, while the special metabolism of the 
succulent Crassulaceae is reviewed by S. L. Ranson 
and M. Thomas. Articles on transport in the xylem 
and in the phloem are contributed by E. G. Bollard 
and M. H. Zimmermann respectively, while the 
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relationship between salt uptake and water absorp 
tion by intact plants is dealt with by R. Scott Russell 
and D. A. Barber. <A less-familiar subject, that of 
heat transfer between the plant and its environment. 
ix discussed by K. Raschke. Another topie to which 
not much attention has been previously given in the 
Review, and the account of which by A. C. Neish is 
therefore of particular value, is that of the formation 
and inter-conversion of aromatic compounds in plants 

Articles on growth and development again include 
accounts of certain aspects of auxin and gibberellin 
action, the former by A. W. Gelston and W. Kk 
Purves and the latter by B. O. Phinney and ©. A 
West, while P. Chouard interest ing 
‘usecussion on vernalization to dor 


contributes an 
and its relation 
inaney. 

An innovation in the present volume is the grouping 
of the articles in the list of contents under a number 
Under the heading ~Cell Structure 

Mercer the submicro 
structure of the 
attention is naturally directed 
made by electron microscopy to the elucidation of the 


of main headings. 
and Function’, F 


scopre 


writes on 
cell Im this, 
to the contributions 


particular 


fine strueture of the cytoplasm and its melusions 
Another subject which might well have been included 
under the same heading, but which actually appears 
under the heading of . is the physics 
and chemistry of protoplasmic streaming by that 
authority on the subject, N. Kamiva. Another 
special topic considered is the productivity of the 
The two 
remaining articles concern tobacco mosaic virus and 
pectic and cellulolytic enzymes in plant disease, the 
former contributed by A. Siegel and S. G. Wildman 
and the latter by R. K. 8S. Ward. 

What will be found particularly useful in this 
volume is an index of all the articles which have 
appeared in the eleven volumes of the Review that 
have so far appeared. The value of this index is 
enhanced by the grouping of the titles of the articles 
inder twelve main subject heading , which makes 
WALTER STILES 


Special Topi 


oceans, discussed by E. Steemann Nielsen. 


reference easy. 


THE FLORA OF THE PACIFIC 
STATES 


\Ilustrated Flora of the Pacific States 
Washington, and California. By Leroy 
\brams and Stinchtield Ferris. Vol. 4 
Bignoniaceae to Compcsitae (Bignonias to Sunflowers 

By Roxana Stinchtiela Ferris Pp. vii--732. (Stan 
ford, California Stanford University 
London : Oxford University Press, 1960.) 


Oregon, 


Roxana 


Press ; 


140s. net 


N North Ameriea, at least, it has been a relatively 

rare phenomenon for an Flora to 
survive the death of its author and be brought to 
Asa Gray's Synoptical Flora and N. L 
American Flora mind as 
great works, valuable even in their 
incompleteness, but incomparably valuable 
than they would be had they been finished. : 

It is, then, a real pleasure to record the completion 
of Leroy Abrams’s IJllustrated Flora of the Pacific 
States, for its author died in 1956, and had been in 
poor health since 1948. It is some measure of the 
that he commanded, and of the affection 
that he inspired, that this fourth and last volume 


incomplete 


completion. 
Britton’s North come to 
examples of 


less 


respect 


was carried through to completion by a munmiber of 
and by Abrams’s friend 
Roxana S 


contributors 
forty years 


dist imguished 
and 
Ferris. 

In 1910 the flora of the Pacitie coast of the United 
States (California, Oregon, and Washington) was not 
well known. Nevertheless Leroy Abrams, at that 
time assistant professor (that is, a lecturer) in botany 
at Stanford University in California, began work on 
an illustrated Flora which he hoped would do for the 
Pacific Coast Britton and Brown's Flora had 
done for the north-eastern United States. Abrams 
Was not unacquainted with the flora of western North 
America and the difficulties that its study entailed 
He had already Flora of Los Angeles 
and Vieinity and had just completed A Phitogeo 
Southern Cali 
Columbia 


assistant of standing, 


what 


published a 


graphic and Taxonomic Study of the 
’ Shrubs for which 
York Citv had awarded him the 


fornia Trees and 
University m New 
Ph.D 

As a research student in New York, Abranis had 
known N. L. Britton, and had become aequaimted 
with Britton and Brown's J/llustrated Flora of the 
Northern United States, and the British 
Possessions, a work which ained to illustrate 


Canada, 


and deseribe every species, from the ferns upwards, 
by botanists and growing 
within such moder 


recognized as distinet 
wild within the area adopted 
ate limits of size and cost as shall make it accessible to 
the public generally. Britton and Brown’, 
as it is affectionately known, may be taken as the 
culmination of a century of botanical study in the 
That the first volume 
issued within six 


north-eastern United States. 
of the first edition (1896) 
years of the inception of the work, and that it was 
years later, 


was 
completed with a third volume two 
indication of*the amount of 
was available to the authors 
first edition of I896-9S8 included 4,162 
The third edition of 1952 about 
species. This is another indication of the relatively 
complete knowledge of the flora of the north 
eastern United States that existed at the turn of the 


taxonomic 
The 
species 


4.680 


Is) 


knowledge that 


covered 


eonmtury 

Despite the very considerable difficulties inherent 
in the study of an essentially unknown, though not 
inexplored, area, Abrams set himself, in 1910, to 
the production of an Jl/ustrated Flora of the Pacific 
In contrast to the speed with which ‘Britton 
and Brown’ was written, the first volume of Abrams 
Flora was not published until 1925, and the fourth 
and last volume did appear until 1960. That 
the illustrations, the literature and the 
text are accurate and that the keys work are a result 
Leroy Abrams. That there wer 
collaborators is freely acknow 
high standard of scholar 
uniformity ot treatment 
Abrams. with 
Ferris, supplied about the 


Slates 


not 
citations, 


of the inte grity of 
distinguished 

The uniformly 
and the 
attributed to 
Mrs 


ledged 
ship relative 
who, alone or 
halt 


must 
the 
text. 

In common with many, if 
American Floras, the plant families are treated more 
or less in the sequence adopted by Engler for his 
Die Naturlichen PAanzenfamilien. Thus, Volume 
of the Flora the ferns, the fern allies, the 
Gymnosperms, the Monocotyledons, and the begin- 
Dicotyledons from the Saururaceae to 
Volume 2, the Polygonaceae to 
the Leguminosae, 


help ot 


not most, present-day 


eovers 


ning of the 
Aristolochiaceae ; 
(the end of 


Krameriaceae sensu 
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Creraniacea 

ind the present Volume 4, the 
tee Iwo bits of data appear note 
Monocotvledons Dicoty 
or roughly 1: 4-8. as contrasted with the north 
nited State where the ratio is 1.415 3,955 
and with the south-eastern United 
4.045 or also roughiv 1: 2-7. The 
Graminese are 78 genera and 389 
coast, 110 and 
north-east, 100 


to Secroph ilariaceae ; 
Bignoniaceae to Com- 
worthy. First, 
ratio ot dons is 1,019 
1.8584 
w roughly | : 2-7, 
with 1,479 
ict for the 

ies (1:5) on the west genera 
species (1:44) in the and 
renera and 476 species (1: 4-8) in the south-eastern 
United States. Thus it that the 
t of the United States is significantly poor in 
numbers and diversity of species of Monoecot vledons 
Secondly, 
n 176 genera (1: 5-3) as compared with the north 

eastern United States with 703 species in 115 genera 
‘l: 6) and the south-eastern United States with 
770 species in 150 genera (1: 6 Tt appears that 
although there are more species and genera of Cor 

there are fewer grasses) on the 
United States. the generic and 
little, if any. greater there than 
This does not seem to support the thesis 
in terms of 
The relative 
doubt on the 


States 


appears west 


Abrams lists 939 species of Composita 


(though 
coast of the 
diversity 


positae 
rm the 
that semi-arid regions have richer floras. 
than 
(TURSES st 
of this thesis 
\brams's Flora comprises 6,069 species of higher 
about 324.000 miles 
botanist and lavman alike, 
published Flora of Cali- 
forma conmprehends something more than 5,000 species 
n slightly less than half the 158.600 
juare miles A close comparison of the two works 
shows, however, that this does seem to be the case 
the first 420 pages of the fourth 
's Flora there are only about 100 
(out of 7706) which do 
part of California. This fact 
suggests that the primary job of cataloguing the flora 
is virtually completed, for the west coast as it is for 
the north east, 


east. 


iiversity, 
paucity of 


more 


areas 
also cast sore 
weneral validity 
plants in an area of square 
It is rather startling. for 
» discover that a recently 


area fabout 


For example, in 
Abran 
occurring 
occur in 


volume ot 
naturally apocies 


and the taxonomist may now turn his 
ittention to some of the other fundamental questions 
which Abrams’s inventory has exposed (one cannot 
help wondering how long it will be before the flora 
of the other two-thirds of the United States is equally 
well catalogued) 

The completion of Abrams’s Flora, then, enables 
is to formulate some of the fundamental problems 
presented by the flora of the west the 
United States. Why are the Monocotvledons so 
poorly developed in the area? What. precisely. 
is the real taxonomic status of the manv ‘endemic’ 
species that occur in the area? How are they to 
be compared with other, generally accepted, species 
in the area and outside it? What. 
species How are we to recognize 
see it and how are we to measure it? Why have 
led to regard the west coast flora as an 
exceptionally rich one, when, on the testimony of 
its published Floras, it is no richer than many other 
comparable floras in its same latitude, both in North 
America and elsewhere ? These, and many more. 
questions will present themselves to the thoughtful 
student of the flora of western America. He will 
be grateful that he has so reliable a guide as Abrams’s 
Illustrated Flora of the Pacific States. 

G. P. DeWorr 
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HYPOGEAN FAUNAS 


Biologie des Eaux Souterraines, Littorales et Con- 

tinentales 
Par Claude 
Scientifiques et 
Hermann, 


Actualites 
740 


Deboutteville 
No. 1280.) Pp 
NF 


Delamare 
Industrielles, 
Paris : 1960.) 60 

RGANISMS which 
( eracks and fissures of rock or within the 
of sands and gravels form the subject of this import 
ant Delamare Deboutteville’s Biologie des 
Kaus Sout Littorales et ¢ bring- 
together for the first time in a comprehensive and 
readable account the work carried out inthe past thirty 


are to be found in the 


new book 


rrainea, mil nentales 


years by European and American zo ilogists on these 
little-known but widespread and rnportant faunas 
He treats this niche as similar in character. whet het 
it occurs beneath the ground, the 
heneath the intertidal zone. Moreover, this environ 
ment 1s that 
organisms have been able to spread along it in the 
This view is shared by a number 
Angelier, Chappuis and 


beneath 


continuous between sea and land, so 
course of evolution 
of other 
Spooner, the last having coined the 
‘hypogean’, which may usefully be 
faunas. 

book is divided 
the environment 
of collecting methods it 
account of the physical geography and hydrology 
of the habitat, together with a summary of what 
little is known of its physical and ethological con 
ditions. Finally there are examples of the localiza 
tion of the fauna on certain beaches 

The second and third section of the book are the 
most valuable for the general reader, and indeed 
should be read by all students of marine zoology 
They include a fascinating account of the adaptation- 
of hypogean forms, followed by descriptions of the 
wide range of animal life, with representatives of 
most of the invertebrate phyla, which are to be 
found in the interstices of sand and gravel. Some 
of the figures which illustrate only parts of such 
animals might, with advantage, have been replaced 
by figures of complete animals, but otherwise th» 
survey is excellent 

The fourth and fifth sections are in monograph 
form, reprinted from Vie et Milieu. Though of 
some value to the specialist, their content could 
with advantage have been summarized for the 
general reader. 

In the final part there is an interesting account 
of the segregation and speciation of faunas, showing 
how continental forms have derived fron 
marine species by passing along the contimuou- 
subterranean habitat. 

Deboutteville does not pretend to include a complete 
bibliography, and even some text references are not 
cited : nevertheless, it will form a valuable starting 
point for new workers and research students. 

This important and, for the most part, attractive 
work should help to bring to the notice of zoologists. 
especially in Britain where the subject has been 
neglected, the existence of a fascinating and important 
group of organisms which have as yet been studied 
only from the faunistic point of view. Their physiology . 
ethology and bionomics are virtually unknown. 

D. J. Crisp 
P. J. S. Boapes 


workers such as 
collective tern: 
applied to all 
such 

The 


concerns 


vmarts. The tirs 
I 
useful survey 


well-illustrated 


into six 
After a 


gives a 


been 


- 
7 
H 
| 
F 
rae 
, 


Supplement to N 


FISH CULTURE 


Traité de Pisciculture 

Par Prof. Marcel Huet. ‘Troisiéme 
xii 369. (Bruxelles: Editions Ch. de 
1960.) 450 franes; 9 dollars. 


édition. Pp. 
W yvngaert, 


r is a pleasure to welcome the third edition of 
Huet’s treatise on fish culture. The new material 
in this edition consists of some expansion of the 
section on the culture of Tilapia in tropical Africa, 
and new methods (using new synthetic herbicides) 
for controlling excessive vegetation in ponds. 

The book is written for fish culturists in temper 
ate climates, and this in effect means largely carp 
culture and trout culture. Carp culture has had 
adequate treatment elsewhere, for example in 
Wunder'’s Fortac hrittliche Karpfente ichwirtschaftt, 
(reviewed in Nature, July 8, 1950), so Huet is right 
in giving the detailed treatment to trout 
culture. He devotes 63 pages of text and 62 plates 
to the subject—the largest section in the book. But 
he has by no means neglected other fish which 
are cultured, and has chapters or sections on carp, 
on tench and other fish which can be cultured 
with the carp, and on the culture of the pike, of 
coregonids, black bass, eel, and of Tilapias in tropi 
eal Africa. Huet interprets ‘fish culture’ in the wide 
sense, dealing with the raising of fry and fingerlings 
for the stocking of natural waters, as well as for 
raising to table size in ponds. Only the faney-fish 
trade is omitted, and this has its own extensive 
literature. 

The sections on general principles are useful and 
well illustrated. Chapter 1 deals with the construc 
tion and management of fishponds, on the choice 
of site, the levelling to be done, the and 
quality of the water, the soil, and the engineering 
work needed. The diagrams are especially useful. 
rhis theme is continued in Chapter 7, with accounts 
of pond maintenance and improvement, including 
the control of weed-growth, which may not only 
much diminish fish production, but can also lead to 
complete filling up of the pond. 

There follow dry period’ and 
alternative crops, the use of lime and the reasons 
for it and the use of fertilizers to increase production. 
In my opinion, sections could have been 
expanded ; for at a when labour costs are 
rising, and suitable fish-fodders are in many cases 
becoming more costly, the correet use of fertilizer 


most 


sources 


accounts of the 


these 
time 


is still the cheapest way of securing a large increase 
in the fish crop, and the possibilities are by no means 
fully explored. 

Chapter 2 covers the food of fish in ponds, with 
some good illustrations of the most important food 
organisms. The treatment includes a brief account 
of the ecology of a pond and the nutritive cycle, 
and ends with the practice of supplementary feeding 
and a list of the most important supplementary 
fodders, their preparation and their nutritive quo 
tients. Huet repeats the view that at least 50 per 
cent of the food of carp in ponds must consist of 
natural food, latter contains enzymes 
which assist the fish in the digestion of the supple- 
mentary food ; but this is surely no longer accepted. 
The stomach-less carp nevertheless possesses a very 
effective range of digestive enzymes ; in fact, recent 
work in Israel suggests that the carp is as efficient 


because the 
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a digester of fodder as cattle. The unquestioned 
value of a high proportion of natural food lies partly 
in its high protein content, which means that supple 
mentary fodder can consist largely of cheap carbo 
hydrates, and partly in something resembling the 
‘animal protein factor’ of the stock-raisers and 
poultry farmers, which may well be associated with 
vitamin 

Chapter 3 deals with carp culture, Chapter 4 with 
trout culture, and Chapter 5 with the culture of other 
fish. Chapter 6 deals with rates of stocking and 
productivity, and emphasizes, among other things, 
the difficulty in assessing the probable natural rat: 
of productivity of newly constructed ponds. A 
final Chapter, 8, covers the mothods of fishing out 
of a pond, and the handling and transport of the fish 

This is a lot of ground to cover in 270 pages of by 
no means closely printed text (there are 93 pages 
of photographs), and I have no doubt that 
Huet has been obliged to exert rigorous selection 
of his material. The obvious success of the book 
hav justified his treatment. The paper and format 
are excellent, and the 280 photographs are very well 
done. It is regrettable that the book has no index, 
and that the references to the literature are inade- 
given. Perhaps these could be supplied 


quately 
edition C. F. Hicktine 


in the next 


ECOLOGY OF SOIL FUNGI 
The Ecology of Soil Fungi 


An International Symposium. Edited by D 
Parkinson and J. S. Waid. Pp. xi+324. (Liver- 
pool: The University “Press, 1960.) 2s. 6d. net. 
fifty years ago Waksman raised the 

problem of whether the soil ts the home of an 
indigenous mycoflora, or merely the sink for fungus 
spores floating in the The answer, 
which he and subsequent workers gave, has been so 
clear that it has even been suggested that the fungal 
load of the atmosphere is largely derived from the 
soil population. The next phase of research on the 
soil fungi was largely floristic: the components 
of the mycoflora were identified and enumerated ; 
the world-wide distribution of many species was 
established ; floras characteristic of different soils 
and also of environments within soils (especially 
the rhizosphere and the roots of hosts susceptible to 
pathogenic fungi) were recognized. More recently, 
attention has been directed to research on the 
activity of fungi in the soil, and during 1958 a small 
group of workers was convened at the University 
of Liverpool for a symposium on the ecology of 
soil fungi. The publication of the proceedings of 
the symposium in this book emphasizes the value of 
such specialized meetings, although the value of 
including verbatim reports of the discussions is doubt- 
ful, as such matter is impermanent and often incon 
sequent ial. 

The general picture of the soil fungi emerging 
from this symposium is one of populations consisting 
largely of resting organisms in a mosaic of micro- 
environments with micro-zones of antagonism, making 
little mycelial growth, but bursting into activity 
when some event brings fresh nutrient to resting 
cells able to exploit it. Small soil animals, root 
growth and litter accumulation play an important 
part in producing such events. Much of our present 


atmosphere. 
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Knowledge of thy tcohivily of soll fungi comes fron 
aul ition plating t chnique 5, the limitations anil 
erits of which, as well as those of alternativ« 
thods, are discussed in detail All) worker 
recognize that the traditional methods are highly 
ective, little able to discriminate bet ween 
end active states of the organisms under study 
attempts to supy lement plating tech 


niques with visual microscopic methods, difficult 
as these are with an opaque medium such as the 
Oil Slowly we are gaimony knowledge about the 
presence and mock of life of Basidiomycetes in the 
oil It is even po sible that a future book on 
thie ecology of soil fungi would be mainly about 
the Basidiomycetes and Actinomycetes instead of 
the moulds which eceunpy the centre of interest at 
present, 

Despite the unusually abundant musprints (not 
ven insertion of the customary accents would 
remove the odd appearance of some passages in 


French) the large amount of original research 


prosented bere , With reviews ot progress and methods, 
akes this a valuable and stimulating work. 
P. H. Grecory 


ILLUSTRATIONS OF FUNGI 


lconographia Mycologica 

By O. Verona and ‘I Benedek Vi pathologia et 
tla Volumes XI, & 
I) Plates AI-I8; BL-10: ©] IS; (1D) Plates 
{19 46; cla 25; DS 6 (111) Plates 
147-84; €26-33: D7-10. (Den Haag : Uitgevei| 
Dr. W. Junk, 1959-60.) 


"| SHREI ‘supplements to the journal Mycopatho 
lugia et M yeoloqia pplicata have rec ently appeared 
from the pens of O. Verona. plant pathologist. and 
lr. Benedek, medical mycologist, under the title 
leonog aphia Muycologica These supplements con 
Of a series of folded sheets each contaiminy 
drawings of characteristic features and a brief 
less ription of one or more selected genera of fungi 
It is stated that the sheets are separate so that the 
owner has a choice in the manner in which he decides 
'o arrange the collection In fact, two systems of 
classification are given, one strictly orthodox and 
taxonomic : the other into the four categories 
sauprophytes, plant parasites, animal petrasites and 
industrially mnportant fungi \s a system of filing, 
this second arrangement would soon become impos 
sible since some genera, for example, 
full into at least three of the four eats yories, There 
fore the taxonomic system of filing is the only one 
that could be useful 

What, then. is the alivantage in a loose -filing 
system here? It dloes allow additions to he fitted 
into the collection as these appear, but this is a 
dubious advantage since, if the rate of appearance 
of additions continues at a high level for long. the 
work as a System of identification is going to be 
incomplete and useless for Just that long. If it is 
soon complete and up to date, then I see no advantage 
over the preparation of a complete book published 
at one time and ready for use, and in which the 
occasional minor change can easily be entered in 
hand by the owner. It seems, then, as though the 
work is not intended to assist in identification 
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Phis supposition is supported by the fact that ther: 
are no kevs to groups, and while in some genera 
ome species are mentioned, in others no specifi 
eputhe Toss given, Moreover, the re are no referene ts 
to works by which specific identity could be confirmed 
One ts left with the single conclusion that the main 


ise for the loose-filing svstem is that sheets can be 
taken out as wanted with the ain of demonstrating 
or illustrating some pont, presumably to an under 
graduate class. The sheets here, then, serve the 


same functions that used to be performed by lecture 
room wall charts and diagrams. It is doubtful 
that they perform these functions better for being 
smatler and monochromatic 

In fairness, it should be stated that the standard of 
drawing here is considerably higher than that found 
in Ulustrations to the more usual works of genera! 
identification such as Gilman’s Manual of Soil Fung 
and Barnett’s Imperfect Fungi. but it is not so high 
as that which one has become accustomed to from, 
the type of Commonwealth Mycological Institute 
publication issued under the names of E. W. Mason 
and S. J. Hughes, from which, incidentally, many 
of the illustrations in the present supplements appear 
to be taken Davin Park 


HURRICANES 


Atlantic Hurricanes 

By Gordon E. Dunn and Banner I. Miller Pp 
XX +326. (Baton Rouge Louisiana State Uni 
versity Press : London : Interscience Publishers, 
Ltd., 1960.) 75s. 


book has been written for the layman 
| The authors say that it is desirable he should 
have some meteorological background, and indeed 
already at the beginning of the second chapter he will 
encounter streamlines, contour lines and isotachs 
(should he feel at a loss, he can refer to a glossary 
of terms in an appendix), and then easterly waves 
and the Intertropical Convergence Zone. Still, his 
enthusiasm may have been stimulated by the first 
chapter, an eve-withness account of one of the most 
intense hurricanes of this century, and it is better 
that he should come to feel that his background 
could be improved than that the authors under 
estimate him. 

The book continues as a well illustrated, non 
inathematical and very interesting account of practi 
eally all that is known about hurricanes and the 
related hazards of storm floods and tide surges, 
including how to prepare for, and ride out. thes 
disasters. It becomes evident how much their 
study is now in the hands of American scientists. 
and in particular how the modern techniques of 
radar and reconnaissance by aircraft, and doubtless 
soon also by satellite, are being developed under the 
unpetus of the National Hurricane Research Project, 
in which the authors work. It seems a far ery from 
the days, more than a century ago, when Englishmen 
took a leading part in the study of tropical storms 
It may be said that the Americans have a special 
interest ; each year they suffer a hundred million 
dollars’ worth of damage from hurricanes, a sum equi 
valent to several times the expenditure on the entire 
meteorological service of Britain. But similar storms 
in the Bay of Bengal last October drowned at least 
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12.000 members of the Commonwealth ; the re, tropical 
the Caribbean, 


<Torms are about as frequent as in 
studied 


ind there that Henry Piddington 
them and them the 
\bout the same engineer, Major-General 
William Reid. after arriving in Barbados to restore 
Covernment buildings blown down by a hurricane, 
took the lead in the study of Caribbean storms 
In the book we read that his first 
published in TS38 is still held in high esteem as a 
hook of days a 


=pirited man, even on his own, might make some 


it was 


invented for name “evelone’ 


time, the 


present own, 


reference’. Of course, in those 


impact to-day it requires a group of men handling 
facilities too expensive to be prov ided by other than 
Nevertheless, the facilities exist ; 

which is missing ? 


(,overmments 
Can it be the spirit 
LUpDLAM 


EARTH HISTORY 
The Age of the World 


Moses to Darwin. By Prof. Francis C. Haber. 
Pp. xi +303. (Baltimore, Md.: The Johns Hopkins 
London: Oxford University Press, 1959.) 


Press 


40s. net 


N the not very distant past the question of the age 
of the world was not the sole concern of scientists 


and naturalists, but one about which theologians, 
the informed public, and even the uninformed public 
were deeply concerned. As recently as 1838, the 
Rev. Baden Powell, Savilian professor of geometry at 
Oxford. declared that the most inconceivable asser- 
tions of the astronomers and chemists were admitted 
and even applauded, whereas, on the other hand, the 
geologist was regarded as visionary and presumptuous 
if he attempted to draw the obvious conclusions from 
the rocks he studied and to claim that millions of 
vears ago the Earth was governed by the same 
physical laws as to-day. The reason for this attitude 
was, of course, that at that were 
attempting to establish natural laws that contradicted 
the account of the given in the book of 
Clrenesis, as well as the statement earried by every 
Bible then (and for many years afterwards) that the 
date of the Creation was 4004 B.c. 

To-day it is accepted as axiomatic that the age of 
the superficial rocks of the Earth’s crust is of the 
order thousand million years, and that 
living organisms must have existed on the Earth's 
surface for at least 500 million years, and probably 
Yet, historically speaking, this 


time geologists 


Creation 


of several 


very much longer. 
conception of the length ef the geological time-scale 
Is quite recent. 

The complete revolution im scientific thought that 
has led to the unquestioned acceptance of age figures 
of such magnitude by and laymen alike 
has seldom formed the subject of special study, but 
it has now received the examination it deserves by 
Prof. F. C. Haber. of the University of Florida, in 
his book The Age of the World. The author is a 
professional historian and, following the modern 
tendeney in studies in the history of science, he deals 
with his subject as a special aspect of human history . 
lhe sub-title of Prof. Haber’s book, Woses to Darwin, 
indicates the period that he covers in detail. So far 
this limitation is 


screntists 


as the Christian world is concerned, 
justified. Onee the teaching of Christianity spread, 
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the Mosaic account of the ¢ reation came to be accepted 
throughout Christendom, and thi 
challenged until the 


as literally true 
beliet 


nineteenth 


suecessfully 
It not on ly 
bit 


not 


century. 


was 
determined lay 
also exerted an mhbhibiting 


opinion tor centuries 
effect on the development of more rational views by 
scientists and naturalists 

In the latter half of the 
however, and during the eighteenth century, many 


seventeenth century 
advances were made by both geology and cosmogony 

In this period, the author points out, doubts were 
expressed from time to time as to the validity of the 
Mosaic For example, in’ 1681, Thom: 

Burnet, Master of the Charterhouse 
published the first volume of his Sacred Theory of 
the Earth. a book very widelv read at the time and 
for manv vears afterwards. While of little scient ifie 
import, it had the merit of conforming to the teachings 
of the Bible. Yet even Burnet, himself a divine. 
ventured to suggest in a later book that the Biblical 
days of the Creation might be considered as allegorical 
rather than literal days. As a result of this heresy he 
lost his position at Court. <A further instance, not 
noticed by Prof. Haber, was the publication by the 
astronomer Halley, in 1715, of a rather cautious 
suggestion that the Biblical account of the Creation 
could not be taken literally. Halley also made what 
was probably the first suggestion of a scientific 
method for determining the age of the Earth——by 
measuring the rate of increase of the salinity of the 
a method that was actually used some two 


dogma. 


sometime 


oceans 
hundred years later’, 

In 1749 the great French naturalist Buffon pub 
lished a Theory of the Egrth® in which he expressed 
unorthodox views about its age. In consequence the 
Faculty of Theology in the Sorbonne forced him to 
retract certain statements and to express a belief in 
the scriptural account of the Creation. In 1788, and 
again in 1795, the geologist James Hutton published 
that in the rocks of the 
“no vestige of a beginning 

no prospect of an end” He was followed in 1802 
by Lamarck, who, in his Hydrogéologie, emphasized 
that the geological processes of Nature must have 
His views 
were 


his well-known dictum 
Earth’s erust he could find 


required vast periods of time. were not 
well received at the time, and 
shadowed by the more popular doctrine of successive 


fellow countryman 


soon over 
catastrophes advocated by his 
Cuvier. 

These and other occasional expressions of enlight 
ened opinion had no very marked effect on the broad 
stream of scientific thought at the time they were 
published. During the first two or three 
of the nineteenth century, however, geology and 
related rapidly progressed so that thy 
views of about the age of the Earth 
could no longer be dismissed as entirely imagina 
tive and had consideration 
The struggle between Church and science which, so 
far as geology was concerned, had been smouldering 
for a century or more, now flared up into the open 
Not surprisingly, the statement by Hutton had added 
fuel to the fire, for to have accepted it would have 
done away entirely with belief in the Mosaic account 
of the Creation. Geological science had to contend with 
religious beliefs that had been firmly held for som 
be overthrown 


decades 


sciences 
geologists 
to be 


viven serious 


eighteen and were not to 
more especially since they were held by many, 
scientists of repute, some of whom 


For a time at least 


centuries 
easils 
probably most, 
were in Holy Orders themselves. 


a 
i 
+r 
\ 
~~ 
5) 
| 
q 
“ 


54 Supplement to NA TURE of April 1, 1961 you. 19¢ 


and 
their 
geologists, 


were reluctant to declare, openly 


contrary to 


geologists 
unequivocally, opinions directly 
religious beliefs, and prominent 
notably Buckland in England and Cuvier in France, 
attempted to reconcile their geological views with 
A contemporary publisher's advertise 
English translation of Cuvier’s Dis 
Révolutions du Globe, published 
in 1813, sums up the situation tm the following 
notice: “The Christian may furnish himself, 
the publication of a Parisian philosopher, with armour 
to defend his faith against those writers who have 
endeavoured to overturn it by objections against 
the Mosaic account of the Deluge, and the age of the 
human race’’® The tide had turned, however, and 
rational about the age of the Earth 
uradually gained ground, even though theological 
opposition persisted for many years 

Two landmarks stand out on the road of progress 
One was the 


some 


these beliefs. 
ment of an 


courTe sur les 


from 


more views 


towards mode mm views on the subject. 
publication of Charles Lyell’s Principles of Geology 
(1830-33), which, as a clear, logical and well-docu 
mented exposition of the new geology, had a profound 
and lasting effect on geological thought. The 
second was the appearance, in 1859, of Darwin's 
Origin of Species, which provided a new and com 
pelling reason for extending geological time. Once 
the doctrine of evolution was accepted as a reality, 
one obstacle in the minds of 
those who were reluctant to abandon completely 
the Mosaic account of the creation of the 
This was the strongly held belief that man was a 
special creation. Evidence from other 
anthropology, archeology, ethnology and philology, 
had by this time accumulated to an extent that 
made it unlikely that this belief would survive long 
in seientifie circles. In any event, it did not effect 
the main that of the length of geological 
time, which was already widely accepted as being 
of immense, though uncertain duration, and the 
for recognition of this fact was now 


there remained only 
world 


SOuUrTCES, 


Issue, 


long struggle 
over 

This, briefly, is the story discussed at length and 
with an appropriate historical background by Prof 
Haber. He also points out how other branches of 
knowledge gained from the changed. ideas 
secular time. Thus, it became possible to explain 
the occurrence of archwological remains of cultures 
that, apparently, had been at their height at a time 
when, hitherto, it had been thought the world had not 
been created ; and it was also possible to accept the 
suggestion of philologists that the development of 
languages likely to have 
times much earlier than the date assigned by Biblical 
scholars as that of the Creation Another anomaly 
done away with was that produced by the astronomical 
conception that light emanating from distant sources 
in the universe had been travelling so long that it 
had, in the view of the astronomers, left its source 
before the universe was created 

Prof. Haber’s book contains five chapters. In the 
first he discusses especially the ideas about time held 
since the dawn of the Christian era and shows how, 
for centuries, no progress was made towards rational 
thought on the subject, until the breaking of what 
he calls the ‘6,000 year time scale’ set up by Arch- 
bishop Ussher and others. In Chapter 2, entitled 

Historicism and the Scientific Revolution’, he 
considers the growth of geologica] ideas in relation 
to the development of science as a whole, up to the 


about 


seemed commenced in 


end of the seventeenth century. He traces the histor) 
of ideas about the origin and significance of fossils. 
From the time of Aristotle the problem had remained 
unsolved. Although there appears to be little that 
is new in his account, he justifies his conclusion that 
“by the end of the seventeenth century the fossil 
enigma had been brought into the mainstream ot 
European thought about cosmogony”. Consideration 
is also given in this chapter to the contributions to 
astronomy and cosmogony made by Descartes, 
Newton and Leibniz, more particularly regarding the 
conception that the Earth had cooled from a molten 
mass. This assumption constituted a considerable 
advance in geological thought and was later used as a 
means of calculating the age of the Earth. 

In Chapter 3 the author deals with the outlook on 
his subject that developed during the eighteenth 
century, a period in which the biological sciences 
came to the fore, and the idea of perfection of 
design in Nature was developed. This latter con 
ception, however, did not preclude belief in the 
Mosaic chronology and cosmogony. In this chapter 
Prof. Haber also discusses the unportance of Buffon’s 
contributions to the advancement of natural history, 
and gives an account of the remarkable series of 
experiments, little noticed in Britain, which he 
carried out in an attempt to make a positive estimate 
of the age of the Earth. Buffon prepared a series 
of balls of each of the materials of which the Earth is 
composed, including rocks, minerals and metals, and 
after raising them to white heat, determined the rate 
at which they cooled to room temperature. On the 
assumption that the Earth had once beer a molten 
mass he caleulated the duration of several periods in 
its history, allotting about 40,000 years as the time 
that had elapsed since the Earth had cooled sufficiently 
to allow life to exist on its surface. Buffon pub- 
lished a full account of these experiments in 1778, in 
his EKpoques de la Nature*. ‘Though, by present- 
day standards, his results are quite unacceptable, 
they indicate an the thought of that 
period. 

Chapter 4 is entitled “The Biblicai Age of the 
Earth Surrendered”’, the first part having the sub- 
title “The Flood Triumphant”. At the beginning 
of the nineteenth century it became evident to 
geologists in both Europe and America that vast 
land areas were covered with unconsolidated deposits, 
sometimes containing mammalian remains, that 
could easily pass for material left by a retreating 
flood. This fact was seized on by theologians and 
many geologists, as proof that a more or less universal 
Noachian flood had been a reality in the not too 
distant past. The author goes on to describe what 
he calls the ‘‘Lyellian Revolution’, which played a 
large part in the final overthrow of belief in the 
Mosaic chronology among scientists. The chapter 
concludes with an account of “Mosaic Geology in 
America’. In his final chapter the author discusses 
the effect of the publication of the Origin of Species 
on ideas about geological time ; and, lastly, the origin 
of man. 

Among scientists the overthrow of belief in the 
Biblical chronology of the Creation was now virtually 
complete, and the only question that remained a 
live issue was not one of geology versus theology but 
what, in more precise terms than had as yet been 
proposed, really was the age of the Earth. During 
the nineteenth century attempts were made to 
estimate this in various ways. Prof. Haber does not 


advance in 
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enlarge on them. and he makes only a very brief 
reference to the work of Sir William Thomson (Lord 
Kelvin). who, shortly after the publication of the 
Origin of Species, attempted to solve the problem 
'y means of astronomical and physical data. The 
story of the concern it eaused 
among biologists, particularly Darwin, and among 
and the revolutionary effect the 
discovery of radioactivity had on the resolution 
of the problem, leading, as it did, to an entirely new 
rnethod of calculating the Earth’s age, is an inte! 

esting one. It would have rounded off Prof. Haber’s 
story in a very satisfactory way if he had continued 
it in rather more detail to the time when the new 
radioactive methods of determining the age of the 
Earth were first used, some fifty years ago. This 
criticism apart, he has written an extremely inter 

esting book, which is not just a record of isolated 
discoveries but a continuous 


his intervention, 


veologist too, 


opinions, events and 
narrative of the development of ideas on his subject. 
Chere is no bibliography, but extensive footnotes 
provide a valuable guide to source material 

V. A. EYLes 
206 (1715). 
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be Buffon, G. L. L 65 (1749) 


curs in a copy of J. J. Berzelius’ 
Black, London, 1814, in the 


Mineralogy, 


The advertisement ox 
possession of the 


translated by J 
reviewer. 
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77 published in 


(177s Preliminary results of the experiments were 
Supplements 1 and 2 (1774) of the Histoire Naturelle, 


GEOPHYSICAL METHODS 


Methods and Techniques in Geophysics 

Vol. 1. Edited by Prof. 8. K. Runeorn. Pp. ix 
374. (New York: Interscience Publishers, Inc. ; 
London: Interscience Publishers, Ltd., 1960.) 10 


dollars ; 72s 


ANY books and review 
written which are concerned with the observa- 
tional data of geophysics and the deductions from 
them: Prof. S. K. Runcorn’s aim in presenting this 
hook is to provide a comparable account of the 
rnethods and techniques which are used to obtain 
the observations, which will be useful to those who 
wish to start a particular type of experimental 
work and to those who wish to evaluate critically 
the methods and the results 
It contains accounts of the techniques used ina 
there are two articles 
Edward Bullard and the 
Beck ; articles 
Gaskell and P. 
elements by K. 


articles have been 


variety of investigations : 
on heat-flow, one by Sir 
other by A. D. Misener and A. E 
on borehole by 
Chreadgold : the geomagnetic 
Whitham ; paleomagnetism by D. W. Collinson 
and K. M. Creer; gravity at sea by J. C. Harrison ; 
earth movements by P. L. Willmore ; earth currents 
by G. D. Garland; the properties of rocks under 
high pressure and temperature by D. 8. Hughes ; 
and the secular motion of the pole by W. Markowitz 
The accounts are good, and admirably fulfil their 
is not possible to give a 
complete account of all the experimental tech. 
involved in every type of measurement, 
general principles and sufficient practical 


surveying 


purpose ; obviously, it 


bat the 


Supplement to N A TURE of April 1, 1961 


details and difficulties are related, and quite detailed 
references have given. The 
of heat-flow is an important geophysical technique 
and this has been recognized by two articles on it 
Harrison’s account of the measurement of gravity 


been measurement 


includes an account 
effect, and points out that in the beam 
stabilized the the 
error due to it in an extreme ease could be as high 
as 500 mygals: in however, th: 
with the Grat maintamed 
15 myals and a courst 
be made for it The 
sea are still essentially 

The article 
shows a curious balance in that so much is concerned 
with the It might perhaps 
be argued which the 
deseribed not to obtain, 
the fundamental instrument used in 
the study ot nevertheless, it 1s 
that there is no the effects of 
pressure on the Tnagnetic properties ot rocks, or an 
bridge methods of 


at sea of the cross coupling 


ease of a 
true vertical 


gravimeter along 


actual operation, 


error instrument can be 
correction can oft 


im gray ity at 


less than 
involved 
navigational 


errors 
on measurements m paleomagnetisin 


magnetometer. 
the papers in 


astatic 
that 
was 


original 
instrument are 


and that it is 


rock magnetism ; 
eurious account of 
account of alternating-current 
measuring susceptibility 
These criticisms are trifling, however ; 
exeellent book and Is well produced. It 
to be of use to many geologists and geophysicist s 


M. J. Kren 


this is an 
is bound 


POLYSACCHARIDES OF MICRO- 
ORGANISMS 


Polysaccharides of Micro-Organisms 

By Prof. M. Stacey and Dr. 8S. A. Barker. 
228 +8 plates (Oxford : Clarendon Press ; 
Oxford University 1960.) 30s. net. 


Pp. vii 
London : 


Press, 


T was a courageous undertaking on the part of 

Prof. Stacey and Dr. Barker to attempt to review 
the extensive field of microbiological polysaccharides 
in one small volume of more than 200 pages. They 
have, however, achieved this task, and have produced 
an elegant little book which is both up to date and 
readable, and will be much appreciated and enjoyed 
by those who already have a good grounding in 
carbohydrate chemistry 

Early in the book there is a short account of carbo- 
hydrate nomenclature and conformation, which is 
followed by a brief description of the various mono 
saccharide components encountered and their bio 
synthesis. There follows an account of the structural! 
components of cells, of the funetion of capsular and 
cell-wall polysaccharides and of biological activity ; 
and, in an attempt to appeal to the non-specialist 
reader, the authors have included two chapters in 
which the older (classical) and modern approaches to 
the isolation, purification and structural analysis of 
polysaccharides are given. These chapters are of 
necessity concise, but are timely in that they emphas 
ize the value and importance of employing the results 
of physical, chemical and serological measurements to 
establish the homogeneity, or more correctly, the lack 
of demonstrable heterogeneity, of the materials under 


investigation. The establishment of the suitability 
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of polysaccharide preparations for structural studies 
18 an aspect of polysaccharide chemistry which has 
heen much neglected until recently. 

The remaming seven chapters are devoted to the 
polysaccharides associated with Gram-neyvative and 
positive bacteria, viruses, rickettsim, moulds, yeasts, 
veast-like fungi and protozoa 

The bacterial heteropolysaccharides have been 
longest and most thoroughly studied: but, in xpite 
of all the effort since many of these important sub 
stances were discovered in the early part of the 
century, the progress in elucidating tBeu detailed 
structure and, in some instances, even the qualitative 
composition, has been disappointingly slow. How 
ever, recently there has been a renewed attack on 
these materials in many different laboratories and 
already startling results are being obtained. especially 
mm determining the fine structural details which are 
pronarily responsible for the outstanding and charac 
teristic serological specificity of many of the microbial 
polysaccharides Indeed, it is the use of enzyvinii 
umd serological imbibition studies and the mor 
modern techniques of carbohydrate che mistry, such 
as periodate oxidation, that has enabled so much 
progress to be made in such Hnportant fields as t hue 
association of a known chemical structure with the 
deleate ana ie rologic al reactions as dev eloped 
in the outstanding Kauffmann-White scheme for 
Salmonella classitication. Here the important new 
work of Westphal and of Staub and their associates 
is rightly deseribed. It is, however, unfortunate that 
the closely related and pioneering work of Met ‘arty 
in this field has been overlooked. 

The nature of the dextrans produced by many 
strains of Leuconostoc mesenteroides and closely 
related organisms is considered in detail. and a ve ry 
valuable table (17) is ineluded, in which are given 
the amounts of 6. or glycosidic linkages 
which may be ex por ted to be present in a perticular 
bactemal dextran 

Little can vet be said about the polysaccharides of 
rickettsiw and viruses. The chapter on the poly 
accharides of the so-called Higher Bacteria’, which 
deals largely with the products derived from human, 
bovine and avian strains of Mycobacterium tuber ulosis, 
imakes fascinating reading and contains much useful 
information. The polysaccharides of moulds have 
been much studied, but, in many instances, apart 
from some knowledge of the qualitative composition 
of the polysaccharides obtained, little or nothing is 
known of their structure. Similarly, with a few 
exceptions, the carbohydrate complexes produced by 
veasts and protozoa are, as yet, largely uninvestigated 

Two appendixes, one containing the melting points 
and specific rotations of the monosaccharides most 
frequently encountered in the polysaccharides con 
sidered, and a second friving a brief account of some 
of the more important papers which have appeared 
since the manuscript was completed, are most useful 
additions. 

The book is beautifully produced, and the paper, 
printing and binding are all that could be desired 
The formul# given in the text are well set out and 
clearly produced, and the selection of those references 
believed to be of key importance are remarkably 
complete up to 1958. The book is reasonably priced 
and the authors and publishers are to be congratulated 
on producing a short, well-written and up-to-date 
account of polysaccharides synthesized by micro- 
W. T. J. Morcan 
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THE GROWTH OF ORGANIC 
CHEMISTRY 


Advances in Organic Chemistry 

Methods and Results, Vol. 1. Pp. ix+387. 90s 
Vol. 2. Pp. vii+504. 113s Edited by Ralph 
\. Raphael, Edward C. Taylor and Hans Wynberg 
(New York: Interscience Publishers, Inc. ; London 
Interscience Publishers, Ltd., 1960.) 


subject of organic chemistry exercises a 

| perennial fascination for the scientific pub 
lisher.” It is with this rather naive admission 
that the editors introduce the present series and 
presumably seek to justify its existence. There is 
no denying the advances in organic chemistry. in 
methods and results. But is this series really neces 
sury when, in addition to the recognized sources of 
information, a parallel series covering progress in 
organic chemistry is already well established and 
has gained popular acceptance ? 

Six topies are reviewed in Volume 1. These are 
Kolbe electrolytic synthesis (B.C. L. Weedon) ; poly 
phosphoric as a reagent in organie chemistry 
F. Uhlig and H. R. Snyder); the Wittig reaction 
(Ss. ‘Trippett); hydroxylation methods (F. D 
Gunstone) ; selective degradation of proteins (E. O. P 
Thompson) ; optical rotatory dispersion the 
study of organic structures (W. Klyne). Of these 
four have been the subject of reviews elsewher 
within the past few years and an authoritative 
text-book on one of the themes has recently appeared 
Still, this new publication may be taken as an indica 
tion of the widespread interest im and the vigorous 
development of the fields in question. Volume 2 
certainly strikes a newer note. Here, the editors 
have been more discriminating in the seleetion of 
topics, Which include: alkenylmagnesium halides 
(H. Normant); dialkoxydihyvdrofurans and diacy! 
oxvdihydrofurans as synthetic intermediates (N 
Elming) ; ethynyl ethers and thioethers as synthet is 
intermediates (J. F. Arens); ketene in’ organic 
synthesis (R. N. Lacey) ; nuclear magnetic resonance 
in organic structural elucidation (H. Conroy) ; 
hvdrogenation-dehydrogenation reactions (L. M 
Jackman) : ultra-violet photochemistry of simple 
unsaturated systems (P. de Mayo); muscarine 
(C. H. Eugster). 

Normant’s review will be warmly welcomed 
His discovery that alkenylmagnesium halides are 
formed in excellent yield by the Grignard reaction 
when solvents such as tetrahydrofuran are used 
in place of ether constituted an important advance 
in preparative organic chemistry. The reaction 
has been exploited in many directions ; it has proved 
particularly useful in the field of organometallic 
chemistrv. The elegant electrolytic method for 
the dialkoxy lation of furans due to Clauson-Kaas 
has made available a group of new and versatile 
intermediates. These dialkoxydihydrofurans and 
the related diacyloxy derivatives have been widely 
used for many synthetic purposes. Elming, who 
has been closely associated with this work, gives 
an admirable survey. Arens provides an excellent 
review of the preparation and reactions of ethyny! 
ethers and thioethers. This is a valuable addition 
to the literature on acetylene chemistry. Although 
earlier reviews on certain aspects of ketene chemistry 
have appoared, Lacy, in his contribution, gives a 
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unified presentation of the reactions of ketene and 
diketene, isopropenyl acetate and 
which are of 
Despite the exis- 


its derivatives 
propiolactons con- 
siderable industrial unportance. 


several standard works on the subject, 


compounds 


tence of 
the inclusion of a chapter in this series on the applica 
resonance in structural 
elucidation is not surprising ; such are the potential. 
As the author rightly points 
intelligent under 
standing of the principles involved than does any 
other for 


ons of nuclear magnetic 
ities of this new tool 
out, ite use demands more of an 
m of spectroscopy in popular use by organic 
However, this brief 
is only able to deal with those aspects 
which have direct 
The treatment 
exclusively on proton 
spectra are omitted 
the review has its obvious merits and will be appre 
erated by 
There 
transfer 
catalyt ie 


chemists. within compass, 
the author 
of theory structural analvtical 
is coneentrated almost 
and 


these 


significance 
resonance, solid-state 
Despite limitations, 


practising organic chemists 


the we of 


when hvdrogen 
offers striking advantages 
hydrogenation and dehydrogenation and. 
have their established place 
in the armoury of the organic chemist. The advan 
tages arising from the usually complete 
speciticity of biochemical hydrogen-transfer reactions 


are occasions 


reactions over 
in Consequence, they 
stereo 
had led to some subtle and elegant applications 


Jackman’s survey of developments this 
field i timely, and many would wish that the section 


new 


dealing with biochemical systems could have been 
have renais- 
and preparative photo 
chemical methods rapidly yaining favour in 
tields. De Mayo does a signal service by 
attention on developments and 
suggesting further areas where photochemical pro- 
cesses might prove useful and profitable. Finally, 
Kugster intere account of the 
chemistry of the alkaloid n rine, the relatively 
simple, bat unique, structure of which has only 
recently been unravelled, the 
endeavours of many illustrious organic 
years. 


amplified fecent vears witnessed a 


sance In photochemistry, 
are 
eertain 


focusing recent 


presents an 


despite combined 
chemists 
over many 
The series has a truly international flavour, and 
a verv high standard is maintained throughout 
The melusion of some details of experimental pro- 
cedures adds to the value of the series. If the more 
individual and original character of the second 
volume can be maintained im future issues, the 
Series 18 likely to earn for itself a worthy place on 
the private book-shelves of many organic chemists 
as well as in their institutional libraries. 
J. Ipris Jones 


THE PROTON IN CHEMISTRY 


The Proton in Chemistry 
By R. P. Bell. (The George Fisher Baker Non 
resident Lectureship in Chemistry at Cornell Uni 
versity.) Pp. vii (London: Methuen and 
Co., Ltd., 1959.) 2s. net. 


223. 


T is perhaps ungenerous to complain that the 
title of this book is wider than the contents, 
when the author himself has admitted this in his 
introduction and made his excuses. The book is, 
in fact, mainly about the properties of acids and 
bases, or at least about the transfer of protons from 


one molecule to another. Within this chosen field, 
these lectures, given at Cornell University while the 
author Fisher Baker 


lecturer, readable, accurate 


was George non-resident 
and lucid 
account of acid-base theory and associated phenomena, 


und the book can be wholeheartedly recommended 


provide a 


to students of physical chemistry as a supplement 
of their regular texts. 

In the final chapter the author has done 
to clarifv what is 


much 
etteet. 
that is, the change of properties resulting from th 


known about the IsOLOp? 


substitution of the proton by the deuteron, in acids 
and bases. 

There are, of course, many other chemical phenomena 
with which protons are concerned. No doubt 
of these would have taken the author too far from the 


some 


general theme of the book, but some, such as hydrogen 
bonding, which is only briefly mentioned, 
well have been treated at greater length. In view 
of the great importance of hydrogen bonding in 
organic and biological compounds, some consideration 
of the strength of hydrogen bonds would have been 
welcome 


might 


\n account of the present state of knowledge of 
the structure of liquid water would also have provided 
a useful background to the properties of the hydro 
nium ton. Another rather surprising Omission, since 
energy curves for proton transfers are given, is any 
reference to the neutralization of the proton in 
electrolysis, one of the most direct and simple ways 
of observing such transfers. It would also probably 
not be stretching the matter too far to include thos« 
redox potentials in which protons are involved 

Another matter of considerable 
might well be dealt with in a future edition, might 
be the which a proton, free or 
hydrated, can capture a free electron and the proper 
the hydrogen radical so formed. In view 
of recent work on the-vhemisorption of hydrogen at 
metal surfaces, the polarization of hydrogen atoms 
and their reactivity, it is not out of the question 
that this subject might also find a place among the 
phenomena which might reasonably be included 

It is only necessary to add that the book is very 
well produced and, under present conditions, reason- 
ably priced J. A. V. BuTLeR 


interest, which 


circumstances in 
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SIALIC ACIDS 


The Chemistry and Biology of Sialic Acids and 
Related Substances 

By Dr. Alfred Gottschalk. 

(Cambridge At the 

22s. tid. net 


Pp. ix+115+8 plates. 
University Press, 1960.) 


PT HIS book deals with a class of naturally oceurring 

| substance which has attained great biological im 
Although the initial 
chemical work on the carbohydrate components of 
mucous secretions was done before the beginning of 


portance in the past few years. 


this century, it was not until about ten years ago 
that biochemical interest in the mucins of epithelial 
secretions was awakened by the discovery of their 
role in blood-group specific substances and in the 
inhibition of influenza virus hemagglutination; Dr 
Gottschalk is closely associated with the latter work 

The book starts out with a clear exposition of the 
historical development of the subject and is followed 
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the chemustry of sialic 


by a chapter (28 
on the preparation and 


wids. A 
dlotermunation of 
cussion of the advantages and disadvantages « 
arious methods The next two chapters (23 
pages) deal with what is to me the most exciting part 
of the book: the linkage and occurrence of sialie acids 
biologically active mucoprotems, mucolipids and 
The followmg chapter, on 


collec ts 


pages) on 
section (25 pages) 
valuable for its dis 


f the 


sialic acids is 


used 


other natural products 
the sialic acid content of 
together scattered data into a readily accessible form. 


tissues, usefully 


Other chapters deal with enzymes acting on sialic 


acids and a comparison with bacterial muramec 
aed 
Minor points are that a structural formula of 


N-acetyl neuraminic acid would, I think, be helpful 
on the first page of the historical development, and 
the section on milk oligosaccharides could well in- 
clude mention of the work of Gyérgy and of Malpress. 
These are, of course, trifling criticisms of a book 
which is well written, beautifully produced and, at 
the introduction to the 
ialic acids T. F. SLATER 


price, is good value as an 


TOWARDS PHYSICAL CHEMISTRY 
AT HIGH TEMPERATURES 


Tables of Thermodynamic and Transport Properties 
of Air, Argon, Carbon Dioxide, Carbon Mon- 
oxide, Hydrogen, Nitrogen, Oxygen and Steam 

By Joseph Hilsenrath, Charles W. Beckett, William 

S. Benedict, Lilla Fano, Harold J. Hoge, Joseph F 

Masi, Ralph L. Nuttall, Yeram 8S. Touloukian and 

Harold W. Woolley. Pp. xiii+478. (London and 

New York Pergamon Press, 1960.) 1408. net 

Thermochemistry for Steelmaking 

Vol. 1. By Prof. John F. Elliott and Molly Gleiser 

Sponsored by the American Iron and Steel Institute.) 

Mass. Addison-Wesley 


London Pergamon 


Pp. vir + 206 (Reading, 
Publishing Company, In 


Press, 1960.) 75a. net 


Physicochemical Measurements at High Tempera 
tures 
Edited by 
Dr. J. D 
sutterworths 
Academic Press, Ine., 


Dr. J. OM. Bockris, Dr. J. L. White and 
Mackenzie. Pp. viii+394. (London : 
Scientific Publications ; New York : 


1959.) 7T5e. 13.50 dollars. 


"| SHE publication of three books serves to emphas 
ize the flow of research and development at 
present, in regard to systems at high temperatures. 
Probably the detailed and extensive 
information already within reach concerns the thermo- 
dynamic and transport properties of gases. Tables 
of Thermodynamic and Transport Properties of Air, 
{rgon, Carbon Dioxide, Carbon Monoxide, Hydrogen, 
Vitrogen, Oxygen and Steam presents a valuable com 
pilation of mutually consistent data for temperatures 
from 10° to 3,000° K. and from 0-01 to 100 atmo- 
spheres, for the gases named and for steam and air 


most most 


Experimental measurements for the various gases 


considered to degrees in choosing 


were varving 

molecular foree constants. From the best values. 
equations of state were derived in the form of 
virial expansions ; a large number of mutually 
consistent results have been derived from such 


equations of state. Thermody hatc properties Of tt 
ideal derived a 
using standard formule of statistical thermodyvnamiiec~ 


calculated either from 


were from spectroscopic «lat 


gases 
Pransport properties were 
empirical data or using force constants based on the 
Lennard-Jones 6-12 potential. Properties tabulated 
include few exceptions) the compressibility 
factor, density, entropy, enthalpy, heat, 
specific heat ratio, and velocity of sound, as well as the 
and Prandtl number. 

Othe: 


(with 
spe cite 


viscosity, thermal conductivity. 
pressure of liquid and 

derived for the ideal 

specific heats, entropies, enthalpies and free energies 


and solid. 


quantities 


Vapour 


In these Tables the only quantities which may still 
be described as crudely empirical are vapour pres 
sures. 

This bold and Systematic use of statistical therni 
dynamucs, combined with data 
evaluations of molecular force constants, shows ver, 
well how the thermal properties of gases at high 
temperatures can be mastered by the mechanization 
of thermodynamic calculations. The results are ot 
immediate importance in the conduct of aerodynamic 
research, and applications to other fields may t» 
predicted with confidence. From these Tables, an 
remaining obstacles to the development of high 
temperature thermodynamics of gases seem likely to 
be overcome without much difficulty. (Librarians 
should note that these Tables were originally published 
as U.S. Bur. Stand. Cire. 564. This edition is a 1960 
reprint with revisions. The publishers do not indicate 
how extensive these are.) 

More specialized experimental information requirer| 
for other fields is by no means available in the sam 
massive way. There has been a need for data at 
high temperatures in the steel industry for a very 
long time. One outcome is that much experimental! 
information of use in high temperature technology 
is being collected and collated as the result ot 
sponsorship by the American [ron and Steel Institute 
Thermochemistry for Steelmaking constitutes the first 
fruits of a large programme of work, and covers a 
field even wider than steel-making. Physical proper- 
ties tabulated include density, thermal conductivity. 
viscosity and surface tension of the liquid state of the 
elements. Tables are given of standard thermodyna 
mic functions of elements and selected compounds 
which have been computed up to 3,000° K. Vapour 
pressures given for the more common 
elements and for selected compounds. Such compila 
tions should prove very valuable in high-temperature 
chemistry generally, and are likely to 
advances not only in steel-making but also in othe: 
fields. 

The third publication, Physicochemical 
ments at High Temperatures, deals with methods of 
laboratory investigation at high temperatures. In 
this field the advancement of knowledge must still 
be described as of uneven quality. Because of their 
technological implications for extraction metallurgy. 
certain problems such as the study of chemical 
equilibria in melts and in slags have received much 
attention, and considerable mastery has 
achieved. A considerable body of fundamental 
scientific information has also accumulated 
through laboratory research on and on 
refractories. Much still needs to be done, however. 
to bring the most recent ideas about condensed state-~ 
of matter to bear on problems which are also of 
technological importance. 
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New Books: September 1960-—-April 1961 


In these four pages we are pleased to list recent 
and forthcoming hooks. Detailed information on any 
publication will be sent upon request to either of our 
offices. Information requested for forthcoming titles will 


he furnished as soon as it 1s available. 


The Glycolysis and Respiration of Tumors The Cell 
By ALAN C. A!ISENBERG Biochemistry, Physiology, Morphology 
January 1961, 224 pp.. illus., 64 5 Complete in 5 Volumes 
Edited by J. BRACHET and A. E. MIRSKY 
. 4 Volume 4, Specialized Cells, Part 1 
Bioenergetics December 1960, 511 pp., illus., 128 5. 6 d 
Consideration of Processes of Absorption, Volume 5, Specialized Cells, Part 2 
Stabilization, Transfer, and Utilization December 1960, 597 pp., tllus., 143 5. 
Edited by L. AUGENSTINE Special prices on orders for the complete set 
September 1960, 685 pp., tllus., paper bound, 80 s. 
Digital Computer Design 
Its Logic, Circuitry, and Synthesis 
An Introduction to Astrodynamics By EDWARD L. BRAUN 
By ROBERT M. L. BAKER, JR. and {pril 1961, about 630 pp., sllus., approx. 107 5.64 
MaubD W. MAKEMSON 
September 1960, 358 pp., sllus., 60 5 The Chemistry of Lignin 
Supplement Volume 
Covering the literature from 1949 to 1958 
Quantum Theory By FRIEDRICH E. BRAUNS and 
Complete in 3 Volumes DorROTHY A. BRAUNS 
Edited by D. R. BATES December 1960, 804 pp., illus., 128 5.6 d 
Volume 1A, Elements 
April 1961, about 450 pp., llus., 80 5. Laboratory Studies in General Chemistry 
(with Instructor's Manual) 
By FRANK BRESCIA, ADOLPH G. ANDERSON, 
The Science of Adhesive Joints JOHN G. ARENTS, HERBERT MEISLICH, 
By J. J. BIKERMAN and AMOS TURK 
March 1961, 258 pp., illus., 64 5 January 1961, 210 pp., illus., 265 


Methods of Celestial Mechanics 
By DirK BROUWER and GERALD M. CLEMENCE 
March 1961, 598 pp., illus. 


Free Radicals in Biological Systems 
Edited by M. S. BLots 
February 1961, 387 pp., illus., 103 s. 6 d. 


Field Theory 
The Structure and Function of Muscle And the Many-Body Problem 
Edited by G. H. BOURNE Edited by E. R. CAIANIELLO 


Volume 3, Pharmacology and Disease Vol. 1, April 1961, about 325 pp., illus., 76 5. 
December 1960, 482 pp., tllus., 107 s. 6 a. 


The Nucleic Acids 
Chemistry and Biology 
The Enzymes Edited by ERWIN CHARGAFF and 
Second edition, revised J. N. DAVIDSON 
Complete in 7 volumes Volume 3, September 1960, 588 pp., illus., 
Edited by P. D. Boyer, H. A. LARDY, 128 s.6d 
and K. MYRBACK 
Volume 4, Hydrolytic Cleavage, Part A Rhythmic Activity in Animal Physiology 
October 1960, 631 pp., illus., 128 5. 6 d. and Behaviour 
Volume 5, Hydrolytic Cleavage, Part B By J. CLOUDSLEY-THOMPSON 
March 1961, 645 pp., sllus., 143 5. ipri! 1961, about 250 pp.. illus 
Special prices on orders for the complete set 
continued on the following page 
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continued from the preceding page 


Mineral Metabolism Activation Analysis Handbook 
An Advanced Treatise By R. C. KOCH 

Edited by C. L. COMAR and FELIX BRONNER October 1960, 219 pp., 64 5 

Volume |, Principles, Processes, and Systems 

Part A, September 1960, 416 pp., sllus., 86 5. Elements of the Theory of Functions 

Part B, March 1961, about 500 pp., illus., 103 5. 6 d and Functional Analysis 

By A. N. KOLMOGOROV and S. V. FOMIN 

Infrared Methods Translated from the Russian by NATASCHA ARTIN 


BRUNSWICK and A. JEFFREY 
April 1961, about 150 pp., illus. 


Principles and Applications 
By G. K. T. CONN and D. G. AVERY 
September 1960, 203 pp., sllus., 54 s. 


Milk: The Mammary Gland and Its Secretion 


Spaceflight Technology Edited by S. K. KON and A. T. COWIE 
Edited by KENNETH W. GATLAND Volume 1, March 1961, 515 pp., sllus., 100 5 
February 1961, 365 pp., tllus., 75s. Volume 2, March 1961, 423 pp., sllus., 86 5 


Biochemistry of Insects Physics and Astronomy of the Moon 
By D. GILMOUR Edited by ZDENEK KOPAL 
February 1961, 343 pp., sllus., 64 5. April 1961, about 540 pp., sllus., approx. 107 5.6 d 


Metabolic Pathways 


Completely Rewritten Second Edition 
of Chemical Pathways of Metabolism 


Edited by DAVID M. GREENBERG 
Volume 1, Carbohydrates, Lipids, and Volume 1, Bioastronautics and Electronics 
and Invited Addresses 


Related Compounds 
September 1960, 572 pp., sllus., 128 s. 6 d. January 1961, 494 pp., sllus., 72 5. 
Volume 2, Propulsion and Auxiliary Power 


. Systems 
The Bacteria December 1960, 441 pp., illus., 72 s. 
A Treatise on Structure and Function Volume 3, Guidance, Navigation, Tracking, and 
Complete in 5 Volumes Space Physics 
Edited by 1. C. GUNSALUS and R. Y. STANIER December 1960, 450 pp., sllus., 72 5 
Volume 2, Metabolism Volume 4, Re-entry and Vehicle Design 
April 1961, 572 pp., sllus., approx. 115 s. 1960, 422 pp., tllus., 72 s. 


Special prices on orders for the complete set 


Biology and Comparative Physiology of Birds 


Edited by R. J. C. HARRIS Edited by A. J. MARSHALL 
March 1961, about 425 pp., illus., 100 s Volume 1, October 1960, 518 pp., illus., 100 s 
Volume 2, March 1961, 468 pp., illus.. 100 5 


Protein Biosynthesis 
Edited by R. J. C. HARRIS 


April 1961, about 425 sll approx 86 s. Electrolytic Dissociation 
By C. B. MONK 
Carcinogenesis March 1961, 320 pp., illus., 80 5 
By |. HIBGER 
February 1961, 138 pp., sllus., 40 5 Gas Chromatography 
Edited by H. J. NOEBELS, N. BRENNER, 
Diffusion in Solids, Liquids, Gases and R. F. WALL 


Third printing, with addendum March 1961, 463 pp., illus., 114 5. 6 d 


By W. Jost 
October 1960, 652 pp., illus., 114 5.64 continued on the following page 
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X-Ray Analysis of Organic Structures 
By S. C. NYBURG 
March 1961, 434 pp., tllus., 93 


Toxic Phosphorus Esters 
Chemistry, Metabolism, and Biological Effects 
By R. D. O'BRIEN 
September 1960, 434 pp., tllus., 103 5. 6 d. 
Solution of Equations and Systems of 
Equations 
By A. M. OSTROWSKI 
October 1960, 202 pp., sllus., 54 5 


Biological Activities of Steroids in Relation 
to Cancer 
Edited by GREGORY PINCUS and E. VOLLMER 
October 1960, 530 pp., tllus., 107 5. 6 d 


Interfacial Phenomena 
By E. K. RIDEAL and J. T. DAVIES 
April 1961, about 450 pp., tllus. 


Water in Relation to Soil and Crops 
Reprinted from Advances in Agronomy, Volume 11 
By M. B. RUSSELL, ef al. 
November 1960, 131 pp., sllus., 32 s. 


Oxide Ceramics 
Physical Chemstry and Technology 
By E. RYSHKEWITCH 


September 1960, 472 pp., illus., 114 5. 6 a. 


The Structure of the Eye 
Edited by GEORGE K. SMELSER 
January 1961, 570 pp., sllus., 107 s. 6 d. 


NEW YORK 
and LONDON 


September 1960 
- April 1961 


Toxicology 

Mechanisms and Analytical Methods 
Complete in 2 Volumes 
Edited by C. P. STEWART and A. STOLMAN 
Volume 1, October 1960, 774 pp., allus., 157 5 
Volume 2, April 1961, about 819 pp., illus 


Name Reactions in Organic Chemistry 
Second Edition 

By ALEXANDER R. SURREY 

April 1961, about 280 pp., illus. 


Concepts from Tensor Analysis and 
Differential Geometry 

By TRAcY Y. THOMAS 

February 1961, 119 pp., sllus., 40 5. 


Quantum Mechanics of Many-Body Systems 
By D. J. THOULESS 
Aprsl 1961, about 175 pp., sllus. 


New Approaches in Cell Biology 
Edited by P. M. B. WALKER 
December 1960, 218 pp., illus., 48 5. 


The Physiology of Crustacea 
Edited by T. H. WATERMAN 
Volume 2, Sense Organs, Integration, 
and Behavior 
January 1961, 681 pp., illus., 164 s. 6 d. 


The Nervous System 
An Outline of the Structure and Function of the 
Human Nervous System and Sense Organs 

By G. M. WYBURN 

February 1961, 179 pp., illus., 40 s. 


SERIAL PUBLICATIONS 


Advances in 
Agronomy 

Edited by A. G. NORMAN 

Volume 12, October 1960, 464 pp., tllus.. 89 s. 6d 


Advances in 
Carbohydrate Chemistry 
Edited by MELVILLE L. WOLFROM and 
R. STUART TIPSON 
Volume 15, January 1961, 445 pp., illus., 100 5 


Advances in 
Catalysis and Related Subjects 
Edited by D. D. ELEy, P. W. SELWoop, 
and P. B. WEISZ 
Volume 12, September 1960, 324 pp., illus. 88 5. 


17 Old Queen Street, London, S.W.1 


Advances in 7 
Electronics and Electron Physics 
Edited by L. MARTON 


Volume 13, December 1960, 454 pp., illus., 
96 J 6 d 


Advances in 

Food Research 
Edited by C. O. CHICHESTER, E. M. MRAK, 
and G. F, STEWART 
Volume 10, 1960, 488 pp., tllus., 93 s. 
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New York 


G2 ACADEMIC PRESS London 


{ror he preceding pare 


Advances in Progress in 

Protein Chemistry Astronautics and Rocketry 
Edited by C. B. ANFINSEN JR., M. L. ANSON, Series Editor: MARTIN SUMMERFIELD 
KENNETH BAILEY, and JOHN T. EDSALI Volume 1, Solid Propellant Rocket Research 
Volume 15, 1960, 447 pp., sllus., 93 s November 1960, 692 pp., illus., 52 5. 


Volume 2, Liquid Rockets and Propeliants 
December 1960, 682 pp., sllus., 52 s. 

Volume 3, Energy Conversion for Space Power 
March 1961, 779 pp., allus., 58 5 


Advances in ’ 
Veterinary Science 
Edited by C. A. BRANDLY and E. L. JUNGHERR 


Volume 6, 1960, 382 pp., illus., 86 + 


Solid State Physics 


Advances in 
Virus Research Advances in Research and Applications 

Edited by KENNETH M. SMITH and Edited by FREDERICK SEITZ and 

MAX A. LAUFFER Davip TURNBULL 

Volume 7, 1960, 400 pp., tllus., 80 s Volume 11, October 1960, 450 pp., illus., 89 5.6 4 


The Harvey Lectures Standard Methods of 
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Lhe plan of the book is to present a collection of 
ticles by various experts concerned predominantly 
vith solids and melts. Only 
at high te miperat ires It 


brief reference is made 
to flames o7 is to 
be regretted that the interaction between vases and 
dealt with. Such 
difficulties in 
and 


condensed states of matter is not 
the origin oft THATLY 
making high 
its study is of great practical as well as theoretical 


interaction Is 
measurements at temperatures, 
interest. 

In its chosen fields, 
research at 


this book is a useful guide to 
techniques of high temperatures It 
contains chapters on temperature measurement and 
control, on refractory materials, on various equilibria, 
and on applications of calorimetry, densitometry 
Measurements are described on surtace 
on light seattering, on 


und viscosity 
tension, On vapour pressures, 
iltrasonic velocities, on diffusivity, and on various 
electrochemical parameters. Probably unavoidably 
at the present high-temperature 
individual sections of this text differ considerably in 
critical quality. Some of the authors attempt to 
survey the field in perspective, and to arrive at 
conclusions, however provisional, that may at least 
vuide new entrants into the field. Others tend to 
provide catalogues of high temperatures, 
without much discriminating comment. 
Physico-chemical properties have generally 
studied at high temperatures only because of some 


studies, 


stage oft 


work at 
been 


compelling technological requirement, or because new 
opportunities for making fundamental measurements 
have become available by the development of new 
techniques not too difficult for laboratories of general 
physical chemistry. Further the very 
unportant field of high temperatures depends on 
both kinds of research stimuli. It can be argued that 
the development of research at high temperatures on 
an adequate scale in Britain awaits the provision 
of more specialized research laboratories with really 
adequate resources, closely allied with technological 
development projects. However this may be, the 
publication of books such as the present triad offers 
valuable help in mastering present achievernents and 
in planning for the future A. R. Uspperonpe 


progress in 


UNNATURAL PRODUCTS 


Silicones 

By R.N. Meals and F. M. Lewis. (Reinhold Plastics 
Applications Series.) Pp. xi+267. (New York: 
Reinhold Publishing Corporation ; London: Chap 
man and Hall, Ltd., 1959.) 48s. net. 


Organosilicon Compounds 
By Dr. C. Eaborn. Pp. x +530. 
worths Scientifie Publications, 1960.) 


(London: Butter 


Sis. 


Unnatural Products 

New and Useful Materials from Silicon. By Prof. 
Rochow. (Thirty-fourth Annual Priestley 
Lectures.) Pp. vii+-117. (University Park, Pennsy! 
vania: Phi Lambda Upsilon, Pennsylvania State 
University, 1960.) 2.75 dollars. 


WENTY vears ago, organo-silicon chemistry 
would have been identified largely with Kipping’s 
monumental life-work. Since then there has been 
an enormous accretion of new knowledge, partly 
because of a general broadening in the scope of organic 
chemistry, but largely stimulated by the develop- 


Eugene 


and novel methods of 


books are all 


ment of silicone 
synthesis. These 
with the chenustry and technology of organo-silicon 
they present it from three 
and ior different 


polymers 


three concerned 


compounds, but quite 


diverse points of viev cireles of 
readers 
Meals and 


and self-contained account of the silicones for those 


Le Wis set Out to provide au readabk 


whose primary interest lies in the silicone oils and 
engineers, Chemists 


he 


structural 


resins as technological materials 
and students of 


silicone chemistry 


in industry technology 
essentials of the 
basis of the useful properties of the polvsiloxanes 
about nalf the book is devoted 


and 


are concisely set out 
to the manufacture of the monomers, the fabrication 
of materials such as and rubbers, 
the silicone polymers, and typical applications of 
these materials in industry. Due attention is given 
throughout the book to the properties that confer 
their usefulness and, within its clearly 
visualized terms of reference, the book contains « 
deal of information. 

Dr. Eaborn’s book, by contrast, is very definitely 
written for the research chemist with academic 
leanings, and he deliberately—and_ rightly 
down to the bare minimum his account of the applica 
tion of alkyl silicon halides and their derivatives. 
He has produced an and compre 
hensive account of the organic chemistry of silicon 
(as at late 1958), which will serve as the standard 
work of reference for all who 
workers or as teachers of organic 
organic) chemistry, in this and cognate fields. To 
keep the subject within bounds, he imposed some 
the 
technical aspects and a self-denying omission (which 
many readers will regret) of comparisons between 
organo-silicon chemistry and the organic chemistry 
ot other elements. A commendable feature of the 
book is the way the author has order 
into the great mass of factual material by means 
of three rather general chapters, together making 
up about a third of the book, and dealing respectively 
with methods of silicon-carbon 
bond properties (stereochemistry, bond character 
and the mechanism of substitution reactions) and 
the characteristic reactions of silicon-carbon bonds 
in different molecular environments. A great deal 
of omformation, with the relevant references, is 
summarized here in tabular form. 

Much of the fascination of silicon chemistry lies in 
the analogy that may be drawn with carbon, and the 
extent to which carbon is really unique. Eaborn em- 
phasizes particularly that the essential difference be 
tween carbon and silicon lies in the availability of 3d 
this has far-reaching effects in 
the chemistry of silicon considerable 
amount of double-bond character on bonds formed 
nitrogen and other 
attain a five- or 


resins based on 


or limit 


yvreat 


cuts 


authoritative 


are interested, as 


active (and in 


restrictions on his omission of most 


introduced 


forming bonds, 


several 
It confers a 


orbitals ; 


between silicon and the halogens, 
enables silicon to 
six-co-ordinate state in stable compounds or in 
transient reaction intermediates ; it influences pro 
foundly the reaction peth in substitution reactions 
at the silicon The critical way in which 
these physical-organic concepts are developed will 
make these general chapters profitable reading 
for many chemists who are not directly concerned 
with the remainder of the book. This reviews 
svstematically the formation, structure and properties 


elements; it 


atom. 
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of the main classes of organo-silicon compounds 

oxvgen compounds of ditterent 
types, disparities in 
length between chapters may perhaps reflect the 
derivative are ripe 
ade, throughout, 


halides, hydrides, 
eyclic compounds, ote The 


tent to which some classes of 


for mvestigation Ample use on 
of the general concepts developed in the first part, 
of the material largely 


organization 
chemust's appro h 


though the 
follows the traditional 
Evers chapter is followed by the appropriate biblio 
and the literature 1s 


very extensive 


organic 


graphy, total coverage of the 


imadeod 

devoted principally 
which embodies Dr 
before Pennsylvania 


with ideas In it 


If the first two books are 
Unnatural Products, 
Rochow 8 Priestley Lectures 


University, is concerned 
and develops a theme 


to tacts, 


State 
he lets his ideas range widely, 
he stated briefiv in his foreword to the book 


that 
abundance ot 


hy 


ilicon in the universe 


Meals and Lewis. In brief, the 
is the direct 
the chemistry is determined 


CONSE] 
of ite nuclear structure 
tructure. The very 

technological man to explore 


by its electron abundance 


if silicon challenge 


and exploit the differences between the 


compounds of carbon and 
counterpart in Nature, based on 
Onlv by extending our chemical knowledge. 


substances, having no 
the chemistry of 


silicon 
so as to make kinetically possible the sort of reaction 
paths that look attractive thermodynamically, will 
be feasible to make the best use of the world’s 
raw materials and energy In his lee 
modern moryvanit 


it 
resources of 
tures, Rochow 
chemust 8 approach to his subject, embracing every 
thing from classical descriptive chemistry, through 
molecular spectroscopy The 


ranged over the 


thermodynamics, to 
lectures afforded an 
distinguished chemist to show how he thinks about 
his work. The result (except for one lecture on 
intramolecular motions and eneryyv harriers, which 
have made hard going for his 
audience) is a very readable little book 

J. S. ANDERSON 


unusual opportunity for a 


must singularly 


TRILOGY OF CHEMISTRY 


Inorganic Chemistry 
An Intermediate Text 
Holliday. Pp. viii +393 
Organic Chemistry 
An Introductory Text. By ¢ 
Holliday. Pp. xxu+ 321 
Physical Chemistry 
An Intermediate Text By Cc. W. Wood and Dr. A. K 
Holliday. Pp. viii + 322. 

(London Butterworth and Co. 
Ltd., 1960.) 21s. each. 


By C. W. Wood and Dr A. K 


W. Wood and Dr. A. kK 


(Publishers 


TTCHESE three attractively produced books form a 

series intended to meet the chemistry require 
ments at Advanced and Scholarship levels of the 
Certificate of Education of the various 
examining boards. They should be useful also to 
first-year undergraduates (not only those reading 
for a degree in chemistry) and to students preparing 
for Higher National Certificate, graduateship of the 
Royal Institute of Chemistry, etc., in colleges of 


General 


technology. 
The authors give no hint of a later volume to cover 
the concomitant practical work (qualitative and volu 
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metric analysis, typical preparations, ete.) but thes: 
already published give concise qualitative tests for 
each element, and précis the chief organic prepara 
tions 

It may be said at once that the volumes more than 
cover their field, vet not so amply as to make ther 
intimidating to the good advanced-level student 
The ir large and considered typo 
vraphical plan make therm easy to read and to refer 
to diagrams, though on the small side and drawn 
structura 


in ‘stencil fashion, are sufficiently clear. 
are prominently displayed, in 
form im the organic volume, and ionieally, wher 
appropriate, in the morganic 

Rach volume is complete in itself: thus, physica! 
che rhistry topics, atomic strueture and valency, ete 
are fully treated in the physical volume, but enougl 
of each is carried into the others to illuminate discus 
sions there. The historical approach is pleasing 
without ever becoming oppressive. Much information 
of interest to the keen student, and not otherwi- 
vwecessible save by very wide reading, is to be gleaned 
The up-to-date treatment may 
12 as the basis for 


trom the footnotes. 
be judged by the adoption of C 
itomie weights: few school text-books have reached 
this vet 

Misprints are neglgtble, though the close formula 
tion of tons as, and N, 


for example, SO# 
mastead of in the more open standard form, is rather 


irritating. 
Collaboration between an experienced schoolmaster 
and a university lecturer seems most effective for 
work at this ‘frontier’ level My own preference 
is for the physical volume; IL feel some slight 
regret that the authors did not take this opportunity 
to develop in print the simple approach to organi 
chemistry recommended by Sir Robert Robison in a 
Masters’ Associa 


preside ntial address to the Science 
of us have 


tion about eight vears ago, which many 
found by experience to be more easily assimilable than 


the wholly systematic impact CHARLES How 


TREATISE ON ANALYTICAL 
CHEMISTRY 


Treatise on Analytical Chemistry 
\ Comprehensive Account in Three Parts. Edited 
by I. M. Kolthoff and Philip J. Elving, assisted 
by Ernest B. Sandell. Part I: Theory and Practice. 
Vol. 1 Pp. xxvi4-809. (New York: Interscience 
Encyclopedia, Inc., 1959. Distributed by Inter 
science Publishers, Inc., New York; and Inter 
science Publishers, Ltd., London.) 133s. 


PERHIS Treatise on Analytical Chemistry is to be a 
| major work extending to many volumes. Part 
which is to consist of eight or nine volumes, is devoted 
to theory and practice. Part II, the analytical 
chemistry of the elements, will deal extensively 
with organic as well as inorganic analysis in a serie 
comprising some ten volumes. Part ILI, which is 
as yet not fully planned, will be concerned with the 
analyses of industrial products. The first volume 
of this last part will be divided into two sections, 
one dealing with the philosophy relating to the 
significance and organization of analytical chemistry 
and the other with specifications and standards ; 


| 
i 
be” 
( 


subsequent volumes of Part Ili will deseribe analy 
tical procedures associated with plastics, fabrics. 
tine chemicals, et« The final volume of cach of 
the three parts will contain an index for all volumes 
n that part. There is no index in individual volumes 

The senior editor, Prof. Kolthoff, is noted for his 
pioneer work on the systematization of analytical 
procedures and for his ability, both as an investigator 
and a teacher, to interpret analytical processes on a 
sound physico chemical basis. Many ot the authors 
contributing to this first volume are his co-workers 
ind former pupils, and the continuity of his influenc: 
can obse rved clearly throughout thes: pages 
The approach of the seventeen authors of these first 
nineteen chapters is remarkable for its uniformly 
high standard. The clear descriptions of essentials 
ind fine details are outstanding 

The subject-matter of this volume may be listed 
brefly as follows: mv thods of analytical chemistry 
errors, their detection, determination and control ; 
evaluation and interpretation of accuracy and 
precision; sampling, rationale and techniques ; 
elements and compounds, an account of modern 
atome and molecular theories; atomic weights: 
thermodynamics of chemical equilibria ; graphical 
presentation of data ; electrode potentials ; con ept 
and determination of pH ; acid-base theories : 
acid-base strength and aqueous titration curves ; 
non-aqueous acid-base titrimetry complexometry 
mechanism of redox titrations: redox equilibria ; 
solubility precipitation; equilibrium precipi 
tation reactions 

Thus this volume is chiefly concerned with the 
basic principles of analysis and more particularly 
with classical analytical chemistry. But this is not 
just old material in a new guise, for a fresh approach 
to the topie is made in almost every chapter. For 
example, the reader might justifiably expect a 
conventional treatment of the theory of acid-base 
titrations, but much new material is to be found in 
both chapters devoted to this subjeet. 

It is perhaps not entirely fair to single out indi 
vidual sections for praise, but a special commendation 
might be given to the chapters on solution and 
precipitation phenomena, which constitute a lucid 
account of modern theory written with a strong 
analytical bias 

To sum up, this volume is a notable beginning to a 
monumental work which, if the present standard is 
maintained, will become the standard reference-book 
of analytical chemistry R. BeL_cuer 


A HISTORY OF PLATINUM 


A History of Platinum from the Earliest Times to 


the Eighteen-Eighties 
By Donald McDonald. Fp. x4254. (London: 


Johnson, Matthey and Co., Ltd., 19€0.) 35s. 


SOR many years the author of this fascinating 

book has been investigating the history of plati 
num and its associated metals, and speaks with 
unrivalled knowledge and authority. The result 
is & most important study which, within the bound 
aries which Mr. McDonald has set himself. must 
remain for very many years at least the final state 
ment of fact. In hisownwords: “the story recounted 
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is that seen by the refiner and fabricator engaged! 
in commerce It does not concern itself with the 
recondite parts of the geology of the deposits, mor 
with the abstruse chemistry which has grown up 
round the compl Xx series of compounds into whicl 
the plat inum metals enter so fre ely. ... The aceournt 
is remarkable im its continuitv and slow develop 
ment over the best part of two hundred vears and 
it has never before been told as a continuous tale’ 
The present volume carries the story down to ISSO 
IS90, before which time “the work on the meta! 
Was of a fundamental nature and was largely con 
ducted by scientists who published their results 
The few people who were te mpted into manufacture 
were either scientists like Wollaston and Deville 
who sooner or later published, or they were poople 
like Chabaneau and Bréant, whose secrets eventually 
leaked out. The facts therefore are available to 
the historian’ To me this would appear to be a 
remarkable under-statement of the author's task. 
the whole book bearing the marks of long-continued 
and most pertinacious research 

After the period of ISSO0-1890 the POSITION is 
very different By then the platinum industry 
at any rate as far as Europe is concerned, had moved 
out of the laboratories of the scientists into the 
factories of industrialists working in competition 
with each other This competition resulted some 
what naturally in great reluctance to publish details 
of their processes, and the facts have either never 
been reeorded or, if reeorded, have since been 
lost 

Of the ancient civilizations the only one from which 
undoubted finds of platinum oeceur appears to be 
the Egyptian, whither it had found its wav mixed 
with gold imported from Ethiopia where platinurn 
is known to oceur even to this day. A seventh-century 
B.C. box from Thebes with ‘silver’ characters on 
one side was sent to Berthelot, who demonstrated 
beyond doubt that one of these characters consisted 
of native platinum alloyed with small amounts of 
gold and iridium. No evidence was found that 
the Egyptian craftsmen had noticed any difference 
between this piece of metal and the silver used for 
the other characters; it had been hammered out 
in the same way as the rest, and its occurrence was 
in all probability purely fortuitous. 

Other references from Roman times onwards 
which have been suggested as applying to platinum 
are of doubtful applicability, and in the author's 
opinion “there seems no doubt that the platinum 
which about the middle of the eighteenth century 
began to reach Europe from the Spanish Colonies 
in South America was the first to be recovered in 
any quantity and the first to attract the scientific 
curiosity of mankind’. The story of the discovery 
and exploitation of the metal there is told in great 
detail from the time that the Spanish colonists threw 
it away a8 a nuisance in their search for gold, though 
a few samples were sent back to Spain. The earliest 
known rumour of its existence based on some solid 
foundation occurs in the writings of della Seala 
(1484-1558), an Italian scholar and poet, but how 
unimportant the metal was considered is shown by 
the fact that the first mention of it in Kuropean 
literature appears to be a book published in Madrid 
in 1746. From then onwards the list of scientists 
who became interested contains the names of almost 
everyone of renown: Lavoisier and Bergman, 
Faraday and Wollaston, Wohler, Berzelius and 
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the 
ret 


ery many Others, and more than half 
devoted to this section of the history 
the history of platinum, it amounts almost to a 
history of contemporary 

The author's long association with 
lohnson, Matthey and Co., Ltd., to 
than to any other body the commercial development 
of this and its allied metals is due, has enabled him 
to use records which have proved invaluable in the 
later stages of his work Percival 
of whom Mr. McDonald has already 
published an 
gold and 
retired 


science 
firm of 
more 


the 
which 


elucidation of the 
Norton Johnson 
published an outstanding biography 
work on the separation of 
platinum im I812 and from then, until he 
in 1860, he and his partners played a major part 
in both the scientific as well as the industrial evolution 


account of 


of the platinum metals. 

Mr. McDonald has presented his story in a most 
scholarly yet delightful and readable form. and 
his firm has published a volume which it is a pleasure 
to read, and which constitutes an outstanding 
contribution to the history of the 


F. C. Tompson 


precious metai-r. 


THE ADVANCE OF FLUID 
MECHANICS 


The Scientific Papers of Sir Geoffrey Ingram Taylor 
Edited by Dr. G. K. Batchelor. Vol. 2 : Meteorology, 
Oceanography and Turbulent Flow. Pp. x+ 515. 
Cambridge : At the University Press, 1960.) 75s. net 


FUSHE second of four volumes of Sir Geoffrey 

| Taylor's collected works has now appeared, and 
we gasp at the achievement represented by this one 
volume only. Its fields, of meteorology, oceanography 
and turbulent flow, are in fact almost one, for the main 
theme is turbulence, whether in the atmosphere, the 
oceans or in the laboratory, and whatever the medium 
discussed, the growth of ideas is essentially continuous. 
Of the 45 papers presented, however, some five or 
six deal with gravity waves in fluids and these have 
their own special appeal. 

Theoretical work on atmospheric turbulence began 
with Taylor's classical Philosophical Transactions 
paper of 1915, “Eddy Motion in the Atmosphere”’, 
in which he invented the ‘mixing length’ concept of 
turbulent exchange and applied it to the thermal and 
moisture modifications of air masses and the distribu- 
tion of wind in the terrestrial boundary layer. More- 
over, he was able to put flesh on to the bones of his 
theory from observations he had taken only a year or 
so earlier from the ice-scout ship Scotia and, in so 
doing, established a way of working which always 
kept theory and observation reacting closely on each 
other. In fact, there is about one paper only on 
turbulence in this volume which is not in some sense 
immediately framed by observation. That is the 
famous 1921 paper, “Diffusion by Continuous Move 
ments”, in which the mixing length concept was 
veneralized in terms of the Lagrangian autocorre- 
lation function and a notable relation between certain 
statistical properties of a turbulent field was first 
stated. The development of this approach was, 
however, hindered by lack of observations on the 
statistical properties treated, and from 1921 until 1935 
the pace of Taylor's original work on turbulence 


Supplement to NA TURE of April 1, 1961 


slackened somewhat ; though this period contained 
the very thoughtful work on the difference between 


momentum transfer, in which pressure forces are 
concerned, and the transfer of inert ‘substance’ such 
as heat (in some circumstances) and matter. Then, 


during 1935-36, came the great surge, the beginning 
of the modern era, with the “Statistical Theory of 
Turbulence”, Parts 1-5, growing out of the 1921 
paper, but now testable because of the mtroduction of 
more readily observed Eulerian statistics and because 
of advances in observational techniques, particular], 
the hot-wire anemometer, over the previous few vears 
The strength of this work largely derives from the 
results which Taylor was able to deduce when the 
turbulence is isotropic and essentially dissipative ; 


it left the structure and behaviour of the large. 
energy-containing and transferring eddies mainly 
as a subject for further inquiry and that remains 


more or less true to-day. In this connexion it is of 
interest that the penultimate paper, of 1956, deals in a 
sense with one aspect of the latter problem, the 
behaviour of large eddies, produced by buoyancy, in 
a stably stratified fluid. 

The other work in this volume, on gravity waves. 
has a special contemporary uterest in our present 
age of ‘big bangs’. In 1929 Taylor showed that the 
travel of the pressure wave from the Krakatoa 
eruption would not support the thesis, deriving from 
Kelvin, that the marked semi-diurnal variation of 
pressure mm the atmosphere could be ascribed to 
resonance with the 12-hour tidal force. But he later 
showed that the atmosphere might have free periods 
other than that associated with the Krakatoa wave. 
and he suggested that these might from the 
complex thermal structure of the upper atmosphere. 
That. as Pekeris, and Weekes and Wilkes later showed. 
was in fact the case, and tidal resonance was ‘saved’. 
But the theory of the semi-diurnal variation of 
pressure is not, on that account, complete 

This volume is to be prized on a number of counts : 
not least, of course, as a record of the growth of ideas, 
but more, I believe, as providing the possibility of 
how the record has been achieved, and. 
There is only one Sir 


arise 


tinding out 
perhaps, of doing likewise. 
Geoffrey Taylor, but his recipe for cooking could 
mightily help a good young chef if he will read the 
recipe carefully enough. To any with the love of the 
tantalizing study of fluid motion it will bring enjoy 

ment and enrichment, and a new knowledge of the 
A. SHEPPARD 


art of science. 


REVIEWS OF NUCLEAR PHYSICS 


Progress in Nuclear Physics 

Vol. 8. Edited by Prof. O. R. Frisch. 
304. (London and New York: Pergamon 
1960.) 90s. net. 


Pp. vii 


Press, 


PT HE latest volume in Prof. O. R. Frisch's review 

| series contains six articles, three written by 
experimentalists and three by theoreticians. The 
subjects embrace cosmic rays, high-energy nuclear 
physics (well represented this time in both its theo- 
retical and experimental aspects), and low-energy 
physies, where the emphasis is on nuclear models 
and theoretical interpretation. As in previous 
volumes in this series, the articles are all of a high 
standard in their primary function of collating and 
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discussing critically the relevant published work 
on their particular subjects. Most of them are also 
commendable for their clarity of presentation and 
their provision for readers not already experts in 
the specific fields. 

In the first article, “The Composition of the 
Primary Cosmic Radiation’, C. J. Waddington 
presents a masterly and clear discussion of the present 
data on fluxes and the charge and energy spectra of 
light and heavy nuclei in the prin ary cosmic radiation 
From the sometimes conflicting information available, 
he extracts a table summarizing what appear to be 
the present best flux-values, and points out the 
interest and importance of future work with balloon- 
and satellite-borne equipment. 

‘The Interaction of Polarized Nuecleons with 
Nuclei” is treated by E. J. Squires, who considers 
the various theoretical approaches which have been 
made to the interpretation of polarization data 
The approximations involved in deriving the theo. 
retical formule are discussed, and the limitations 
which they impose are pointed out. 
treatment, which is thorough and includes copious 
references, is intended primarily for the specialist 
and may be found somewhat heavy going by readers 
inexperienced in this field 

‘Collective Motion in Nuclei” by D. M. Brink is a 
survey of the present status of the rotational, vibra- 
tional, and unified nuclear models. The author 
tirst summarizes the essentials of the subject as 
reviews. He then goes on to 
discuss in somewhat greater detail more recent 
advances, particularly particle coupling schemes 
and the attempts which are being made to justify 
the models theore tically. 

“Dispersion Relations for Elementary Particles” 
by J. Hamilton is food for theoretical physicists. 
It is, moreover, an excellently constructed review 
article, presenting the subject im an interesting and 
lueid fashion. The introduction shows clearly what 
a dispersion relation looks lke and its uses in simple 
examples. There brief but mstructive 
explaining the importance and scope of dispersion 
relations as a technique for studying the properties 
and interactions of elementary particles. Then 
follows the main substance of the article, in which a 
variety of scattering and related problems 
ably discussed. 

In “Cherenkov Detectors’’ G. W. Hutchinson 
gives a clear and up-to-date review of recent develop- 
ments in these detectors as applied to the physics of 
high-energy machines. The main emphasis is on pro- 
gress which has been made since the appearance of pre- 
vious reviews on the subject. Particularly valuable 
are the accounts of various forms of the gas counter 
and of the solid-liquid critical reflexion counter. 
Total absorption counters are discussed briefly 
there is very little mention of cosmic-ray applications. 

In the final contribution, on ““The Photoproduction 
of Pions’, E. H. Bellamy describes the experimental 
techniques used for investigating the production of 
charged and neutral pions by high-energy photons, 
and surveys the data at present available on cross. 
sections and angular distributions. In a 
useful diagrams the data are summarized and com- 
pared with theoretical curves. However, some 
sections, particularly in the first half of the article, 
are not very clearly presented. 
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A FEW NUCLEONS 


Nuclear Forces and the Few-Nucleon Problem 

Proceedings of the International Conference held 
at the Physics Department, University College, 
London, 8-11 July, 1959. Edited by T. C. Griffith 
and FE. A. Power. Vol. 1: Pp. xiii+1-340. Vol. 
2 vu-+341-712. (London and New York : 


2: Php. 
Pergamon Press, 1960.) 200s. per set of two volumes. 


GOOD way to stimulate activity in a particular 
A field of research is to hold an international 
conterence. Such a conference was held in July 
1959, at University College, London, to discuss the 
nuclear few-body problem (reported briefly in Nature. 
184, 1113; 1959). The two volumes under review 
are the official Proceedings. 

The difficulty in understanding systems of a few 
nucleons is mainly mathematical ; it is very hard to 
calculate their properties reliably from given nuclear 
forces, or to learn about the latter from the former 
Except in the two-nucleon system, there are too many 
independent variables for comfort and yet too few 
to justify taking averages (as in the many-body 
problem). The conference produced no spectacular 
solution, but it directed attention to the problem, 
surmmarized the and indicated 
some lines for further research. 

The conference began with the two-nueleon 
problem and what has been learned about the basic 
two-body forees. This occupies a quarter of the 
rather a large share, but a fair indi- 
Next 
camo high-energy scattering of nucleons from light 
nuclei, much of which can be reduced approximately 
to two-body interactigns, and a session on photo 
nuclear The then reached 
the core of few-nucleon problem ; binding 
energies and y seattering and reactions, 
involving three to eight nucleons. Here the true 
difficulties emerged and all manner of approxi- 
mations were used to overcome them. Some of 
the latter look rather crude to an but 
clearly solutions which are anything like exact are 
not feasible. The full calculations are too much for 
present fast electronic relatively 
simple example was estimated to need several 
hundred hours on an I.B.M. 704 computer. Of 
course, as a man from Los Alamos remarked, it 
depends on how many 704’s you have. The con- 
ference finally ended on the border of the many-body 
problem, with systems of up to sixteen nucleons. , 

Each topic was introduced by a review paper, 
followed by more specialized papers and periods of 
discussion (the last have been edited for brevity), 
Altogether there are about ten reviews and seventy 
other contributions, divided between theory and 
experiment in the ratio of two to one. The authors 
include such names as Blatt, Breit, Brueckner. 
Chew, Marshak, Massey and many other well-known 
physicists. The Proceedings are thus an authori 
tative document. They are also much more readable 
than the learned journals; the style is often that 
of the spoken word, and most speakers come quickly 
and concisely to the point. The discussion provides 
a stimulating commentary on the main text, raising 
fresh questions and points of view, and bringing 
some touches of humour. The volumes are hand 
somely produced, the layout is clear and the errors 
commendably few. All this is in their favour. 
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cation of where most progress has been made. 
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On the other hand, there is inevitably some con 
fusion of notation the first six authors to write 
the two-nucleon seattering matrix do so in &8IN 
lifferent wavs More regrettable, however, is the 
ipse of some seventeen months before these Pro 
ceedings appeared, especially since this kind ot 


iterature declines rapidly in value with time 
Vhrough special efforts, other conference proceedings 
have appeared within six months or even—a recent 
pectacular case—imn two Nevertheless, these vol 
times retain considerable value and will be read with 


nterest by many physicists 


R. J. N. 


A PANORAMA OF SCIENCE 


The Neutron Story 

By Dr. Donald J. Hughes. (The Science Study 
Series, Book 1.) Pp. 158. (London: William Heine- 
mann, Ltd., 1960.) 48, 6d. 


Magnets 

The Education of a Physicist. By Prof. Francis 
Bitter. (The Science Study Series, Book 2.) Pp. 155 
London : William Heinemann, Ltd., 1960.) 4s. 


Soap Bubbles and the Forces which Mould Them 
By C. V. Boys. (The Science Study Series, Book 3.) 
Pp. 156. (London : William Heinemann, Ltd., L960 
te. 6d 


Echoes of Bats and Man 
By Prof. Donald R. Griffin. (The Science Study 
Series, Book 4.) Pp. 156. (London; William Hein: 
mann, Ltd., 1960.) 48. 6d 


How Old is the Earth? 

By Dr. Patrick M. Hurley. (The Seience Study 
Series, Book 5.) Pp. 16048 plates. (London 
William Heinemann, Ltd., 1960.) 48. 6d. 


The Wider Universe 
By Paul Couderc. (Arrow Science Series.) Pp 
1284-4 plates. (London: Arrow Books, Ltd., 1960.) 


Bound. 10s. 6d. ; Paper, 


Matter and Antimatter 
By Maurice Duquesne. (Arrow Science Series.) Pp. 
27 +4 plates. (London: Arrow Books, Ltd., 1960.) 


Bound, bd Pay r, 


Intelligence 

Its Evolution and Forms. By Prof. Gaston Viaud 
Arrow Science Series.) Pp, 127 4 plates. (London: 
\rrow Books, Ltd., 1960.) Bound, 10s. 64; Paper, 5s. 


The Anatomy of Plants 

By Prof. P. Font Quer. (Arrow Science Series.) Pp. 
128. (London Arrow Books, Ltd., 1960.) Bound. 
10s. 6d.; Paper, 5s. 


ry <O deal with nine volumes at a time may seem 

| more like a march-past than a review The 
essential qualitative information can even be dealt 
with smartly at the double; thev are all good, some 
distinguished, and one a revered classic One group 
was written in the United States to serve a specific 
purpose, at a certain level in schools, as part of a 
planned programme of physics teaching; I do not 
know of anything comparable of English origin at 
present, and regard this as a very valuable series. 
For the other group, it does seem fair to ask whether 


we need have gone so far afield, and whether tran- 
lation in anv case is worth while, at least fro: 
French: but this also is the start of a series, of 
which the later members are to be written by th: 
British authors 

The five volumes of the Science Study Series pub 
lished by Heinemann are the first transplantations of 
the readers sponsored by the Physical Science Study 
Committee in the United States. This enterprise. 
hacked by high-level scientists, imagination—and 
funds has been conducting a major operation in 
vitalizing the teaching of physics, and the provision 
of background reading to supplement the formal 
course is one of its manv sides These books are 
intended to be read by very intelligent pupils of about 
seventeen, and in relation to sixth-form pupils in 
Britain, it must be said at once that they will not 
help anyone to get 65 per cent at Advanced level 
Sut they will convey an appreciation of the ideas 
and methods of science, and a sense of contact wit! 
first-rate scientists who have tried to communicate 
their enthusiasm as well. The difference between 
them and, say, the excellent books that Pelicans 
provide is in the type of reader toreseen. 

The Neutron Story, bv the late Donald Hughes. 
deals with the discovery of the neutron, its properties 
and uses, the problems of its decay, and nuclear 
power. Francis Bitter’s book is an introspective 
account of how the concepts of magnetism take root 
in a person's mind ; he mentions that his interest in 
science was first aroused by a course in celestial! 
mechanics, an opening gambit which the Ministry of 
Education's recent Pamphlet 38 would endorse. He 
reminisces of his work at Cambridge with Kapitza, 
and of war-time degaussing, and goes on to explain 
the principles of the work at Massachusetts Institute 
of Technology on nuclear magnetic resonance. Boys’s 
Soap Bubbles is a welcome reprint of a masterpiece ; 
and very timely now that we can get liquid detergents 
that will supplant the elaborate recipe with Price's 
glycerin and Castile soap. Griffin’s Echoes of Bats 
and Men is a simplified version of Listening in the 
Dark, and is the easiest of the batch to read. I have 
done some consumer research on Hurley's book. 
which I used for half a term as the backbone of 
work with a non-science sixth form; we found it 
rather difficult, chiefly because I was trying to 
explain radioactivity concurrently instead of doing 
this first. But it did its job well, stimulated partici 
pation, and as it concentrates on a single problem 
and its pursuit, gives an excellent example of the 
way in which scientific ideas develop. I shall do this 
again, and can recommend it. For the rest. I would 
make them available for sixth-form pupils to read ; 
so far, nothing else quite at this level and price 
seems to be published in Britain, 

The Arrow Series are translations, three from 
France and one from Spain. Coudere’s The Vi wer 
Universe is a very good survey of recent progress in 
astronomy, leading up to the modern theories of 
cosmology. Duquesne s Matter and Antimatter is less 
satisfying, chiefly because the early chapters deal 
with familiar work which is in all the text-books, 
and the discussion of anti-particles (up to 1956) seems 
a sort of tail-piece. Gaston Viaud’s /ntelligence is an 
experimental psychologist’s approach to the develop 
ment of conceptual thought, and the processes behind 
the analytical technique for breaking down an 
apparently insuperable problem into lesser and 
manageable units; I found it clear, stimulating and 


* 
ie 
1x 
k 
1 
| | 
4 
of 
| 


4) 


Font Quer’s The Anatomy of Plants really 
in fact, part 


enjoyable 
scarcely belongs to the group, for it Is, 
if the section on morphology from a major work ; it 
is well illustrated, and one’s only criticism is that the 
examples chosen seem to include many plants that 
are common in Spain but unfamiliar in Britain 
These four books, though probably breaking no 
new ground in the paper-back field (except by offering 
non-paper-back edition as well) are sufficient], 


listinctive to be recommended for a library as a 
vroup; with a special recommendation for Couderc 


and Viaud. G. R. Noakes 


PLASMA PHYSICS 
Plasma Physics 

By S. Chandrasekhar. 
sity of Chicago 
University Press, 1960.) 14s. 


(Chicago: Univer 
Cambridge 


Pp. 217. 
London : 
net. 


Press : 


few 

growing interest in the dynamics of fully 
onized gases, much of it stimulated by the hope of 
the controlled thermonuclear 
fusion of light elements. Although the classified 
research in this field released at the Second 
Geneva Conference on the Peaceful Uses of Atomic 
Energy . there is a serious shortage of comprehensive 
reviews of recent developments, which this collection 
of Prof. Chandrasekhar’s lectures will do much to 
alleviate. The lecture course was chiefly concerned 
vith the interesting approach to plasma 
dynamics—one that between a detailed 
sideration of individual particle orbits, a method 
which is usable in only the simplest geometries, and 
the erude but widely applied magnetohydrodynamic 
method in which the plasma is represented as an 
electrically conducting fluid. The method is valid 
tor a diffuse plasma in a strong magnetic field and 
s based on the assumption that the Larmor radius of 
a typical particle orbit is much smaller than any 
other length in the problem, and the corresponding 
evrofrequency is much greater than any other fre 
queney, including the molecular collision frequency. 
It is then possible to use a perturbation treatment of 
particle orbits and make use of a mumber of adiabatic 
invariants to simplify the self-consistency problem 


URING the past years there has been 


releasing energy by 


was 


most 


lies con- 


for the macroscopic fields. 

Chandrasekhar’s lectures begin with a brief review 
of the Maxwell-Lorentz theory of the interaction of 
an assembly of charges with an electromagnetic field, 
then proceed to a discussion of the orbits of charged 
particles in slowly varying fields, introducing and 
considering rather carefully the significance of the 
adiabatic invariants of the motion. The first-order 
orbit theory is then applied to a number of problems, 
including the equilibrium and stability of plasma in 
a magnetic field, and the propagation of low-frequency 
oscillations. There is a brief chapter on plasma 
oscillations, and a final section in which the possibility 
of intermolecular collisions is admitted and certain 
transport processes considered. 

The subject is necessarily mathematical in char- 
acter; but formalism is not allowed to get out of 
hand. There is no mention of experiment, a par- 
ticularly unfortunate circumstance in @ subject as 
full of surprises as the physics of ionized gases. The 
preface confesses that Prof. Chandrasekhar has not 
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he would 
however, 


clear that 
have published it in its form ; 
although not the authoritative monograph for which 
one might have hoped, this work will be welcome to 
everyone interested in plasrmmas, and it should be 
read by anvone studving theoretical aspects of the 
subject W. B. Thompson 


read the material, and it is not 


pre 


THERMAL STRESSES 


Theory of Thermal Stresses 
By Prof. Bruno A. Boley and Prof. Jerome H. 
Weiner. Pp. xvi-+-586. (New York: John Wiley 
and Sons, Inc. ; London: John Wiley and Sons, Ltd 
1960.) 15.50 dollars; 124s. 


PUSHE authors give a comprehensive survey of 
| methods of calculating stresses and deformations 
in a solid body 
Elastic, viseo-elastic, and 
considered under statie, quasi-static, and dynamic 
conditions, and included dealing with 
thermodynamic fundamentals and heat conduction 
The book is divided into four parts, of which 
the first is concerned with basic thermodynamics, 
and derives the stress-strain and heat-flow equations. 
For most practical problems, the terms in the heat 


variations 
are 


due to temperature 


plastic materials 


sections are 


tlow equations, representing convertibility of mech- 
anical and thermal energy, 
that the caleulations of temperature 
and of stress and displacernent distribution, may be 
made separately Most of the problems treated in 
later sections of the book are of this type. The 
section considers various ways of 
and 3 


may be neglected, so 


distribution, 


remainder of the 
formulating the thermoelastic problem in 2 
dimensions. 

The second part is devoted to the solution of th: 
Fourier heat conduction equation for various 
boundary conditions. Methods deseribed include 
the superposition and imaging of sources and sinks 
and the functions, characteristic 
function solutions, the use of Laplace transforms, 
conformal mapping, approximate solutions using 
finite differences, electrical analogues, the variational 
methods of Kantorovich and Green, and Biot’s 
method, obtaining the equations in Lagrangian 
form. Statice solutions may be extended to cover 
dynamic using Duhamel’s theorem. 

The third and largest section of the book deals 
with the determination of stress and displacement 
for a given temperature distribution for various 
structural elements. Curved and straight bears, 
rings, cylinders, plates, reinforced sheet, 
and shear-lag problems are dealt with mainly by 
using the approximations of strength of materials 
theory, St. Venant’s principle being invoked in the 
treatment of end effects. Exact and approximate 
theories are compared for the case of the rectangular 
beam. Semi-inverse methods are used for most of 
the exact solutions described, energy methods beiny 
used to obtain approximate solutions. Other 
methods described are Goodier’s method, the use of 
centres of dilatation, stress functions, and finite 
difference and influence coefficient methods. Therm- 
ally induced vibrations of plates and beams are 
briefly considered and there is a chapter on 
stability. 

The fourth part, dealing with inelastic systems, 
serves as an introduction to a rapidly developing 


use of Green's 
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field. Laplace transforms are used to solve linear 
visco-elastic problems, and creep buckling is dis 
cussed. The final chapter gives examples of plate 
and cylinder analysis for plastic materials. 

The book wide range, from 
thermoelasticity to recent developments in viseo 
elastic theory, and it is pleasing to report that the 
Parts 2 and 3 are largely 


covers a classical 


CTORS referencing is good 


self-contained, a fact which will be weleomed by 
readers concerned with practical aspects of the 
subject The numerous references to published 
work are listed, with comments, in footnotes. I 


feel that a list of references at the end of each chapter. 
and a list of symbols at the beginning of the book, 
have been helpful. Despite minor 
imperfections, the book real for a 
reference work in English on this subject, and should 
value to research and design 
this field. ‘B. S. 


would these 


meets a need 


prove to be of great 


engineers working in 


FLAME PHOTOMETRY 


Flame Photometry 
By Prof. John A (MeGraw-Hill Series in 
Advanced Chemistry.) Pp. viii+ 354. (New York : 
McGraw-Hill Book Company, Inc.; London: 


McGraw-Hill Publishing Company, Ltd., 1960.) 89s. 


Dean. 


flame photometry to the 
elements im 
materials has 
the 


HE 
determination of 
mineralogical 


application of 
nmucroconstituent 
biological, and related 
chemists since 


been of continuing imterest to 
pioneer work of Lundegaardh on flame excitation, 
and this interest has increased enormously in the 
past decade 


The present book by Prof. Dean is a comprehensive 
account of investigations and of instrumental develop 
ments in this field A general, but adequate intro- 
duction dealing with atomization, flame characteristics 
and the nature of emission spectra is followed by a 
chapter of particular interest which deals with the 
use of organic solvents, either added to aqueous 
solutions to enhance emission by their effect on such 
physical properties as surface tension and viscosity, 
or in selective extraction methods to increase the 
coneentration of the test element and reduce inter 
ference by extraneous 1ons. 

Following a full description of 
photometers, burner systems and 
detectors, there is a detailed discussion on 
ferences arising from flame background, cation and 
and suppression and spectral 


modern flame 
photo-sensitive 
inter - 


anion enhancement 
coimeidences. 

Individual chapters are devoted to specific periodic 
groups giving spectral emission lines and band-heads 
for various elements, comments on possible inter 
ferences and specific applications. Scandium, yttrium 
and the rare-earths are dealt with, and original spectra 
of these elements are given. Atomic scientists will 
notice that beryllium is not mentioned, and that the 
sensitivity of boron is poor as compared with, for 
example, the fluorimetric method. Strontium and 
barium receive detailed treatment. 

The principles of atomic absorption spectrophoto- 
metry are only briefly discussed, and one hopes that, 
in view of the interest shown recently in the pos- 
sibilities of this technique, it will not be long before 
Prof. Dean deals more fully with this subject 


The later chapters are concerned with the determin 
ation of non-metals and with agronomic, clinical and 
botanical applications. An extensive bibliography 
of 780 references is given which covers a wide range 
of materials and analytical procedures. 

The book will prove a most valuable 
volume for the laboratory and has much to offer the 
student of spectrophotometry H. L. Bowron 


working 


INTERIOR BALLISTICS OF ROCKET 
MOTORS 


Rocket Propellant Handbook 


By Boris Kit and Douglas S. Evered. Pp. xiv S54. 
New York and London: The Meemillan Company, 
New York, 1960.) 12.50 dollar 87s. 6d 

Liquid Propellant Rockets 

By David Altman, James M. Carter, 8S. 8S. Penner 


(Princeton Aeronautical 
189. (Princeton, N.J. 
London : Oxford Uni 

24s. net 


and Martin Summertield 
Paperbacks, No. 1.) Pp. v 
Princeton University Press ; 
1460 ) 2.95 dollare ; 


versit Vv Press, 


Solid Propellant Rockets 
By Clayton Huggett, C. E. Bartley and Mark M 


Mills. Princeton Aeronautical Paperbacks, No. 2 
Pp. v +167. (Princeton, N.J.: Princeton Univer- 
sity Press; London: Oxford University Press, 


1960.) 2.45 dollars; 20s. net 


Solid Propellant Rocket Research 

A Selection of Technical Papers based mamly on a 
Symposium of the American Rocket Society, held 
at Princeton University, Princeton, January 28, 29%, 
1960. Edited by Martin Summerfield (Progress 
in Astronautics and Rocketry, Vol. 1.) Pp. xix 
692. (New York: Academic Press, Inc. ; London : 
Academic Press, Ine. (London), Ltd., 1960.) 6.50 


dollars 


OCKET motors are mechanically simple devices ; 
R that they are nevertheless difficult to design 
and expensive to develop is due to the fact that 
present-day quantitative knowledge of the relevant 
chemical and physical processes 1s still hopelessly 
inadequate. The upper limit to the performance 
of a rocket is relatively easy to predict only the 
laws of thermodynamies are required, coupled with 
the availability of the thermodynamic properties 
of the propellants, the assumption of equilibrium, 
and the ability to obtain numerical solutions to a 
dozen or so simultaneous non-linear algebraic equa- 
tions. It is the rate which present the 
difficulty : how large the motor must be for a given 
approach to the maximum performance depends, 
for example, on rates of chemical reaction, on the 
fluid mechanics of droplet break-up, and on the 
interactions between finely divided solids; none 
processes can be aceurately computed 


pre 


of these 
at present. 
In these circumstances, design must proceed 
mainly by trial and error. The role of theory is 
reduced to that of investigating models which are 
no more than caricatures of reality. Such investiga 
tions are successful if they correctly predict the 
trends of the performance variations resulting in 
changes to the design; for they ean then guide the 
development engineer in the most hopeful directions 
and assist him to distinguish between major and 
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munor unthwences Such models are needed both 
for ‘normal’ and ‘abnormal’ operation, that 
lesired smooth and = steady 
unsteady phenomena, known as ‘chugging’, ‘chuffing’ 
or ‘sereaming’, which all too often intervene at the 
last moment to destroy a promising design. It 
ippears likely that steady burning in liquid-propel 
lant motors is best represented by models in which 
the flight and vaporization of droplets play the 
Thajor parts with the atomization process, ome which 
must be studied experimentally. Steadily burning 
~olid-propellant rockets conform well to the supposi- 
tion that the burning-rate per whit area of propellant 
depends mainly om pressure, and 
initial temperature and transverse 
yas velocity these dependences have, 
to be determined experimentally for each propellant. 
The type of unsteady burning. 
screaming’, is known to involve, for both classes 
of rockets, large-amplitude acoustic vibrations within 
chamber; but the nature of the 
combustion process by which 


surface area 


secondarily on 
howe ver, 


most disastrous 


combustion 
nteractions with the 
the vibrations are driven remains an almost complete 


the 


mvsateryv. 

To tun now to four 
the first, by Kit and Evered, 
the simplest aspect of the problem: the thermo- 
diymamic prediction of maxnnum performance. The 
have collected all the relevant thermo- 
dynamic data they could find, and presented it 
n the form of tables with connecting discussion 
The enterprise is a useful one, and the result will 


under review, 


is a contribution to 


books 


authors 


he accepted gratefully by propellant-system designers; 
the gratitude of the latter will, however. not be un 
mixed with dismay, and occasional fury, when they 
find that vital mformation has been 
omitted. To take the first entry of Table 1-1 as 
an example, the authors state that the heat released 
in the hydrogen-oxygen reaction is 57-80 keal./gm. 
mole; temperature and phases are not indicated 
Two pages later we are told that such figures ‘usually 
atmos. and 25° ¢ and that the phase 

of the H,O “must always be stated”; but they 
still fail to give that information. There are mumer- 
ous such small but paralysing omissions in the book. 
The two paper-back books, Liquid Propellant 
Rockets and Solid Propellant Rockets, are reprints 
trom the Princeton series of volumes on high-speed 
aerodynamics and jet propulsion; they have been 
made available for the benefit of students. I am 
not enthusiastic about them for this purpose, for 
they lack the formal organization, carefulness of 
definition and freedom from distracting speculative 
material which students justifiably expect; they 
are also, of course, considerably out of date. The 
article on liquid-propellant motors by Summerfield 
may serve as useful background reading, but that 
on thermodynamics by Altman and Carter can only 
confuse, while the  solid-propellant sections are 
chiefly of historical interest. 
Solid Propellant Rocket 
entirely different category. It contains the papers 
presented at the symposium held at Princeton in 
January 1960, under the auspices of the American 
Rocket Society, together with a few additions 
Sections included are: mechanical properties of 
grains (that is, of solid-propellant charges), steady- 
state burning mechanisms, combustion of metals, 
theories of unstable combustion, experiments on 
unstable combustion, and solid-propellant ignition. 


carelessly 


relate to | 


Research falls into an 


s, for the 
burning, and for the 


The hook Wives an View ot the t 
and vigour of the present effort beimgz made by tly 
United States in this field; it also adds emphasis 
to the remarks about present ignorance made at the 
beginning of this review To cite two examples. 
though both Nachbar and Summerfield et al. present 
theoretical models for the burning process of compos 
ite propellants, none of the authors would claim 
that the can be made to fit experimental 
findings for more than a very restricted range ; 
the relation of the theories of oscillatory burning 
to the experimental facts is still more tenuous 
Nevertheless, if money, man-power and professional 
expertise can find solutions to these problems, 
few can doubt that it is the Amer can workers who 
are most likely to succeed. IT). B. SPALDING 


models 


THE NEW LOOK IN 
MATHEMATICS 


Mathématiques Générales 

Algébre—-Analyse. Par Prof. Charles Pisot et Prof. 
Mare Zamansky. (Collection Universitaire de Mathé- 
matiques, 4.) Pp. xxiv+648. (Paris: Dunod, 
1959.) 4,500 frances 


French tradition, the new look is 
austere. Pisot and Zamansky have planned their 
book for students just beginning a university course 
in mathematics, of honours standard, working on 
a basis acquired at school, which, the authors assert 
frankly, is insufficient in some aspects and useless in 
others, though they are optimists enough to believe 
that, in France at least, this state of affairs will be 
remedied in @ few years. 

There are four main sections. The first introduces 
logical notions and the elements of set theory, with 
illustrations to show that many of these ideas are 
known at school, if not clearly identified there. The 
second section is on algebra, mainly linear algebra :; 
the fundamental ideas of a vector space and the 
linear mapping of one vector space on another serve 
to give, in compact form, the basic theory of matrices, 
determinants and related concepts. The section on 
analysis is based on two main principles : first, the 
Cauchy sequence {z,} in which az, — 2, tends to 
zero as p and q tend to infinity; secondly, the 
doctrine, somewhat subtle at this stage, of uniform 
convergence. Early introduction of this latter 
concept allows much use of piece-wise constant 
functions. Thus, for example, an integral can be 
defined more or less intuitively for these functions, 
and then extended to limits of sequences of such 
functions ; this establishes the existence of integrals 
for all the functions ordinarily encountered, though 
it does not quite give the Riemann integral. But 
most analysts would now maintain that the persis- 
tence of the Riemann integral is due to “‘the stubborn 
conservatism of academic tradition”’, and the approach 
to integration in this volume would carry over quite 
easily to Lebesgue integration. Most of the tech- 
nique of analysis is reserved for the final section, 
which includes some work on differential equations. 

How would this book fit into a British course ? 
Some of the ideas are already incorporated in our 
courses, though perhaps not as first-year work, and 


classical 


those brought up on a Cours d’ Analyse of the 


No. 477¢ 
| 
‘ 
a 
ir 
F 
E 


Hs 


wore will undoubtedly follow. But how much 
\ comparison of this book with the new volume by 
Dieudonné. Foundations of Modern Analysis, shows 
that the former is itself still a compromise 
the contemporary analysis. 


Suppose, represt nts the 


between 


the classical and 
Dieudonne, we may 
vospel according to Bourbaki, when he insists on the 
modern emphasis on conceptual notions, as opposed 
expounded, for example, 
in Whittaker and Watson His is the remark above 
about the Riemann vral If the older analyst 
should doubt whether the concept-conscious under 
vraluate would with, say, of the 
stiffer examples in Whittaker and Watson, it would 
certainly not be quibbling to suggest that there is 
why he should : indeed, the epsilon 
conscious undergraduate of the 1920's might have 
Deen rho Tore essful with some of Wolstenholme’s 
teasers on Mathematics mode 
as it grows im content, and the undergraduate must 
be taught in the stvle and idiom of living mathe 
matrices Yet this may not be a complete answer, 
save as regards the training of pure mathematicians 
It is true that certain concepts of modern abstract 
branches ot 
abstraction 


pire 


to the « omputational aspect 
pyrite 


succeed some 


no reason 


conies changes in 


mathematics have found a place im 
mathematical physics, but much 
night hamper the student whose chief interest in 
mathematics lies in its physical applications. Are 
we then to Impose an early separation between the 


too 


pure and the applied mathematician ? Before 
accepting this harsh doctrine, we may remember 
that Maxwell, Ravleigh, J. J. Thomson were all 


products of the old Tripos, and hope that some 
himself the task of 
sriting a text for our universities which will weave 
ogether the modern concepts with the 
older computational technique, which will absorb 
fourbaki without exorcising Whittaker and Watson. 
us from the sterility of ideas without 


British mathematician will set 


abstract 


vhich will save 
technique and from the superficiality of technique 


T. A. A. BrRoapBent 


thout ideas 


PICTORIAL GUIDE TO THE 
LANGUAGE OF SCIENCE 


Mathematics in the Making 
By Lance lot Hogbe 
ilonald and Co. (Publishers), 


net 


(London : 


320 


need to be taught mathematics’ 


con 
n Sir Cvril Hinshelwood has said, 


as a lang 


they can actually speak’ ; one implication of this 
s that those non-scientists who wish or need to 
know what modern science is doing should heave 
know ledge ot the mathematical lang we, 


though a phrase-book may serve them instead of a 
complete grammar and dictionary. Hogben has 
viven us a vivid amd stimulating phrase-book, built 
yp im roughly chronological order, with a wealth of 
diagrams an The re 
three-dimensional for 
example, are irrelevancies 
Samurai, the mosque at Cordova be forgiven 
The team-work which has gone into the making of 
the book all the praise which Hogben 
bestows on it. 

Neugebauer and Needham have thrown a com- 
pletely new light on early mathematies in Egypt, 
Mesopotamia, Chiaa, India, and Hogben’s account 


piet ures. 


coloured plat« 


present ations ot surfaces, 
acdmurable that some 


can 


desery es 
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is clear and ilhuninating. He is rather less at home 


with the Greeks, since he wnder-estimates the impor- 
tance of the Greek contribution to the concept ot 
mathematical proot, and over-estimates the role of 
mathemat it Hogben that 
communicate in language which 
the mathematician 


we must learn to 
the electronic bram understands : 
would say that the electronic braim 
to obev the commands given to it m 


been 


structed ou 


language 

The influence of the Moslem civilization bridges 
the gap im the Western World from the Hellen 
legacy to the seventeenth century Here Descartes 
showed Lis how to deseribe geometrical proy* rties i) 
alvebraic language, Fermat groped towards the 
Newton Leibniz caleulus, Pascal and Bernoulli muti- 
ated the doctrine of probability On probability. 
the author is at his best ; his enthusiasm is infectious. 
his excellent diagrams and pictures are genuimely 
constructive, and his somewhat old-fashioned obses 
pardonable. By way 0 
symbolism anid 


ds is 
contrast, there is much 
heavy-handed stion in dealing with : lvebrar 
More modern mathematics 
reterences to topoloy 
ot vector 


with visual 


clumsy 
yeometry and calculus 
is dismissed briefly 

non-Euclidean geometry, an ugly 
lacking any motivation 
mutative product, Boolean alyvebra recent 
views on logie and the nature of mathematies. The 
author is willing to deal sketchily with these topics 
because. to use a favourite phrase of his, they hav: 
as yet had little or no ‘pay off. But it may be 
fair to suggest that there is a further reason ; Hogben 


hasty 
version 
the 

and 


alyvebra for non-conm 


has mo mterest in or liking for mathematics as a 
creative art. This may well diminish the value of 
his book to the many amateur students of mit he 
maties who, outside their surgeries, court-rooms. 


offices, enjoy the delights of mathematical investiga 
tion without worrying very much about the materia! 
oft 


Success 


book is certain, and, on the 


There is a 


for the 


cle served warmth anu 


vhole. well 
vitality. which 
Ideological epigrams about Roman gangsters, rem 
tance men in Kenya and the third 
Crinity can be ignored. T. A. A 


nunor irmtatvion- 


ride 


person of the 
BROADBENT 


ELECTRON MICROSCOPY 


Vierter Internationaler Kongress fiir Elektronen- 
mikroskopie 

Berlin, 10-17 September, 

Band |] Physikalisch-Technischer Teil. 


Verhandlungen 
Heraus 


gegeben von G. Méllenstedt. H. Niehrs und 
tuska. Pp. xix+851. 228 D.M. Verhandlungen 
Band IJ: Biologisch-Medizinischer Teil Heran- 
gegeben von W. Bargmann, PD. Peters und ¢ 
Wolpers. Pp. xv 196 D.M. (Berlin Springes 
Verlag, 1960.) 

ETWEEN them, these two volumes contaim 


more than 1,500 pages and nearly 1,700 illustra 
tions, mostly electron micrographs very well repro 
Of the 400 separate contributions, just on 
English, one-tenth in French and th: 
the authors come from 26 


clueed. 
half are in 
remainder in German ; 
different countries (as the foreword tells us), and the 
subjects dealt with run into almost every conceivable 
branch of science and technology. Volume 1, devoted 


Pik 
4 
7 
F 
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to the physical basis and technological application~ 
of electron microscopy, is almost half as long again 
as Volume 2, comprises the biological and 
medical applications. This uneven con 
founds the view that the development of the imstru 
ment is more or less complete and that the subject 


which 
division 


is now mainly concerned with its uses, particularly 
in biological investigations 
first taken up with papers on the 
principles, design and operation of the electron 
microscope, and with preparative methods. 
such as shadow-casting and object supports. The 
interaction of the electron beam with the specimen 


the volume is 


basie 


is now also receiving considerable attention, esper 
ally the removal of material from embedded sections 
Field emission microscopy, to which a special sym 
POS Was devoted, is represented by sixteen papers. 

Compared with the previous conferences, the most 
striking change is the increase in metallurgical 
applications. More than sixty papers are concerned 
with erystal growth, the origin and movement of 
lislocat ions, and transition and precipitation processes 
n metals. This increased activity is largely due 
to the methods developed in the past few years 
of preparing, from bulk metal, films thin enough for 
electron microscopy, an advance comparable with 
the revolution in biological work when the technique 
of cutting very thin sections of tissue was devised 
The metallurgist is in a better however. 
in that he can carry out meaningful experiments 
on his while it is in the eleetron beam 
Several papers attachments for heating. 
cooling and straming a metal film, and a number of 


position, 


specimen 


describe 


cmematographie records have been made of the 
resulting changes. We may now expect to see the 
rapid extension of electron microscopy 
occurred earlier in 


imto 


inetallurgical Jaboratories, as 
biology. 

A fair number of ultra-microtomes is now availabk 
for cutting sections down to about 100 A. thickness : 
Volume 2 and mor 
Biologists of all 
out the 
revealed 


one or two are deseribed in 
were on show at the conference. 
kinds are busily engaged in 
inexpectedly rich micro-anatomical detail 
technique in all and micro 
Almost the whole of Volume 2 is taken 
describing observations on thin 
under the headings of cell morphology. 
anatomy, pathology, botany and micro-biology 
rhe latter section also includes much work on the 
structure of isolated bacteria and especially of viruses 
engaged with the 
sort of rapid exten 


now sorting 


by this new tissues 
organisms. 
up with papers 


sections, 


biologists are 
in the 
sion of structural knowledge as was made possible 


In veneral, now 


THICTOSCOpe 
hy improvements in the optical microscope in the 
last half of the nmeteenth eentury To « omplete the 
picture, active etforts are being made to discover 
suitable means of staining particular cell components 
with compounds of high density, so as to show ther 
> im the 


The Berlin conference was by far the biggest of 


electron imaye 
international meetings on eleetron micro 
held. for much of the 
there were four parallel sessions, it is most valuable 
record of the contributions 

the Electron 
gone to troubl 


the four 
scopy so far Since tine 
to have a 
The editorial committee of 
Microscopical Society has 
to make the record complete, and the publishers 
have given us a work which is in the best traditions 
However, one cannot 


permanent 
(Crerman 


vreat 


of German book production 


In fact, more than half 


but ask if it is not too much (in bulk and in cost), 
and late. This standard of presentation Is 
right and proper for a subject which has reached a 
the Handbuch der Physil. 
that one could require But eleetron micro 
scopy is still in rapid flux: many of the findings 
reported here are provisional and most of the authors 
to have published one or more further 
journals during the two years 
which it took to produce these proceedings, As a 
the state of electron microscopy in 1958 
For the working 
to have a much 


too 


certain state of finality 
is all 


are likely 
papers in specialist 


survey of 
they are a most admirable record 
scientist it would be useful 
quicker, but technically speaking a poorer, printing 
of the manifold contributions, so that he could refer 
to them while they were still relevant to work in 
progress, and also, if this be not too vain a hope, 
~o that the price could be low enough to have a copy 
on his own shelves as well as in the library. Active 
exploration of alternative ways of publishing con 
urgently one 


more 


necessary 
connexion 


are 
such experiment is now in 
with the European conference on electron micro 
held in Delft in 1960. V. E. Coss_err 


ference proceedings 


progress in 


X-RAY DIFFRACTION 
PHOTOGRAPHS 


The Interpretation of X-ray Diffraction Photographs 
By Dr. N. F. M. Henry, Prof. H. Lipson and Dr 
W. <A. Wooster. Second edition. Pp. x+282 
(London: Macmillan and Co., Ltd.; New York : 
St. Martin’s Press, Inc., 1960.) 638. net. 
FESHE battered condition of the reviewer's copy 
| of the first edition (1951) of this book testifies 
to its value to generations of impecunious research 
students. In the second edition, the authors have 
maintained the high standards set by the first, and 
in their preface they explain that parts of the book are 
corrected, but substantially unchanged, and new 
sections have been added to deal with techniques 
which have come into general use in recent years, 
tor example, the counter diffractometer. 

The main emphasis is the same as that of the 
first edition, namely, on explaining crystal lattices, 
the geometry of X-ray diffraction and how to index 
X-ray photographs of kinds. These 
are treated in detail and ex 
plained clearly by means of fully worked examples 
the that 
illustrate Cases 


rood Various 


considerable 
treatment is 
the difficult 
and the explanations are 


An outstanding feature of 
the examples 
encountered in 
explicit. Triclinie and rhombohedral examples are 
viven in detail and not avoided by the not uncommon 
of assuring the unwary reader that 


chosen 


pract ice, 


practice “exten 
sions to systems of lower (or higher) symmetry are 
Only knowledge — of 


mathematics is explanations 


very elementary 


assumed ; 


obvious” 
normally, 
are given in geometrical terms aided by extremely 
good diagrams. The with answers in 
anappendix, area most useful feature for the beginner 
(Appendixes contain tables of formule, of multi 
plicity factors and of erystal classes and their physical 


problen Ss, 


properties, 

For the chapters devoted to detailed explanation, 
the book can scarcely be bettered : unfortunately, 
apart from a masterly chapter on the properties 
of X-rays, those in which topics are outlined are 
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ppoimting For example, a reference (1930) 1s 


given for the application of a correction to apparent 


intensities measured on oscillation photographs, 
but none for the other kinds of photographs now 
nm more common use Similarly, there is some 
Vaguenoss about problems concerning cry stals which 
are unsuitable for accurate morphological measure 
ment Thus. although the unit cell dimensions 


been measured 
the 


of monoclinie erystals have actually 
X-ray methods 
this from “but, no doubt, by 
it should be 
methods similar to described in 
13, 4-2” It soems a pity that, after so much trouble 
has been taken to the reader familiar with 
the reciprocal lattice, the tables of correction factors 


accurately by purely beginne 
might realize 
suitably 


to dev ise 


no! 


choosing reflec Lionas, possible 


those 
make 


are given in terms of 0 instead of sin 


extremely difficult 


In a book of this kind it is 
to avoid numerical typographical errors, and 
even three authors have not been sufficient to pre 


vent some from appearing 


These are minor criticisms of a book which is. 
on the whole, extremely good. The printing and 
paper are good and the diagrams excellent. Both 
beginners and experienced erystallographers — will 
find much of value in this book, which is not un 
reasonably priced M. R. Trurer 


MODERN MINERAL TECHNOLOGY 


International Mineral Processing Congress, 1960 

Proceedings of a Congress arranged by the Institution 
of Mining and Metallurgy, held on 6th to 9th April 
1960, at Church House, Westminster, London 
S.W.1 Pp. xiii+1118. (London: Institution of 
Mining and Metallurgy, 1960.) 1008.; 14.50 dollars. 


FT HIS volume contains the inaugural address, 
| the fifty-two papers and their discussion at the 
1960 International Mineral Congress. 
the fifth of these meetings to be held sirce the War. 
The change of title dressing’, ‘mineral 
dressing’ and ‘mineral engineering’ still leaves this 
ebullient engineering science inadequately described. 
\ stroke of genius is needed which will bring its 
activities in metallurgy, chemical engineering, phys 
ical chemistry, electromagnetics, nuclear physics and 
the to a titular focus. As with the previous 


Processing 


from ‘ore 


rest 


congresses, held in Britain, France, Germany and 
Sweden, papers from leading laboratories and 
industrial operators In many muning countries are 
roughly grouped—in this case in nine divisions. 


Detailed review of such a mixed bag is impossible. 
The work recorded shows that the challenge of 
industry continues to be met at all levels, fromm 
improvement of established processes to creation 
and development of the new ones required by the 
insatiable demand of modern civilization for metals, 
earths and high-purity mineral concentrates. 

The first group of five papers deals with comminu- 
tion, the step in ore treatment in which valuable 
minerals are exposed for surface attack or detached 
from the accompanying gangue. New methods of 
grinding, some with a discipline of statistical mathe 
matics, are described. Papers 6-10 deal with 
particle dynamics in aqueous media, both under 
conditions of free fall and of centrifugal acceleration. 
X-ray scanning of opaque slurries is described. 


By the aid of these techniques large tonnages of 
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3 nall 
ire 


pulp -—an aqueous suspension of particles 
mostly than 20 u In 
as TO 81zZe, shape and or mass into equal responding 
fractions This, with the comminuting 


processes, Is an essential preliminary to concentration 


controlled 


leas 
coupled 


(separation of the various mineral species in the ore 

In papers 11-18, fundamental physical chemistry 
is related to flotation research 
of micro-auto-radiography are described in connexion 
mineral 


response 


Improved methods 


adsorption of tagged reagents to 
surfaces. Relative 
to surfaee agents, the mechanisms of complexing. 
physical stability of layers and reactions 
in the zeta zone which surrounds a particle in aqueous 
suspension are investigated, using ultrasonics, photo 
The transport 


with 
rates of reaction in 


sorbed 


micrography and thermochemistry 
ing role of air its considered, using 
measurement or over- gassed water 
effect of typical accompanying minerals in sphalerite 
undergoing flotation is shown. In the next 
group of papers (19-23) advances in flotation practice 


contact -anyvle 
The depressi 


are deseribed and process economics receive some 
attention 

Interest in the older 
by gravita‘ional force continues to stimulate research 
papers 24-30). Jigging of transparent objects in 
organic liquids and the study of stratifving action 
show the value of statistical appraisal in complex 
problems of dynamics lia separation 
finds a novel control valve in the shape of a magnetic 
field which constrains the ferro-magnetie media at 
the under-flow end of the separating vessel. Tetra 
bromo. ethane uravity 2-963) is proposed 
as a dense separating liquid in place of magnetite 
or ferro-silicon pulped with water, the usual fluid 


processes of concentration 


Dense -me 


(specifie 


mixture. Cyclone physies continues On its screntifi 
cally turbulent course. In commercial practice 
it has established its value everywhere, but 
ment as to how it works is not vet complete. 

Papers 31-38 describe advances in the magnetic, 
electronic and high-tension electrical treatment of 
ores. The effect of moisture and surface conditioning 
on the behaviour of small particles in an electro 
static field promises to extend the use of eleetro- 
static separation by improving control. A novelty 
is the use of a refracted beam of light to trigger a 
mechanism by means of which diamonds can be 
automatically removed from passing gravel. Papers 
41-44 are concerned with the chemical processing 
of galena,. scheelits, wolframite, some silicate minerals 
and uranium ores, and the use of autoclaves to aid 
solvation. These are followed by the last eight 
papers (39 and 45-52), which deal with process 
study, control and testing. fluidized-bed roasting, 
automatic control, statistical analysis the 
observation of concentrating techniques performed 
mechanically on the stage of a microscope 

Despite the fact that many of these highly technical 
scripts were written in Russian, Japanese, Italian. 
German and French, the translation is admirable 
The book is excellently produced and well indexed 
It bears no signs of the problem which bedevils all 
so much to do, so little 


agree 


important meetings today 


time. The subject-matter covered ranges over 
wide fields of research and production activity, 
and leaves me more conscious of what has been 
left out of his conspectus than of what he has 
crowded in. The book is essential for workers 
in the integrated field of mineral technology. 

FE. J. Pryor 
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SHORT REVIEWS 


Sir Isaac Newton 

By Dr. H. D. Anthony 
Vol. 39.) Pp. 224 10 plates. 
Schuman, 1960.) 21s. net. 


Life of Science Library, 
(London : Abelard - 


FTO write a readable account of Newton’s life and 

achievements is a task of very great difficulty. 
as all who have attempted it will agree Although 
Newton's extension in time was considerable (85 
vears), his extension in space was restric ted to the 
neighbourhood of Woolsthorpe, Cambridge and 
London. His achievements in astronomy and mech- 
anics are not easy to explain, owing partly to the 
confusion surrounding his definition of ‘mass’, a 
definition which was wrongly translated by the 
exponents of his mathematical principles of natural 
philosophy from his day until the present. An 
exception was Henry Pemberton, one of the young 
men who received generous help from Newton, and 
who had the privilege of reading over, with him, the 
manuscript of his View of Sir Isaac Newton's Phil- 
osophy (1728). Newton defined mass as a ‘measure’ 
not something which a body had, which ‘could’ be 
measured. 

Dr. Anthony has succeeded in overcoming these 
difficulties by giving a more balanced account of 
Newton, including considerably more detail about 
his early life and contemporary background, his 
emergence into public life, his activities at the Mint 
and his theological writings, than has been usual in 
The explanation of Newtonian 
dynanues is lightly but outlined, with the 
exception of a paragraph on the tides, where we are 
unfortunately told that neap occur at full 
Two minor errors are : Robert Boyle 
(p. 102), and “the Amercan airmen who made the 
first Trans-Atlantic flight’? (p. 41). The author has 
forgotten two of Newton's countrymen who also 
vovaged “through strange seas .. . alone’’. 

This is a well-produced book with excellent illus- 
trations. An appendix contamimg interesting notes 
on the illustrations, a useful short bibliography and 
an explanatory list of words used with special mean- 
ings in British universities (for example, subsizar), 
all contribute to making this volume one that can be 
G. Burniston Brown 


former biographies 
clearly 


tides 


moon. “Sir”’ 


strongly recommended. 


Science in Writing 
A Selection of Passages from the Writings of Scientific 
Authors, with Notes and a Section on the Writing 
of Scientific Prose. By T. R. Henn. Pp. 248. 
(London: George G. Harrap and Co., Ltd., 1960.) 
208. net. 

T is a pity that so much scientific prose fails to be 

beautiful. Yet scientists in the past and of 
to-day have succeeded in writing with mastery. 
Mr. Henn has chosen examples from the works of 
several scientists ranging from Pliny to living authors. 

These passages are not presented as models to be 
imitated, but they help to illustrate very cogent 
suggestions for good writing which Mr. Henn gives 
in the last part of his book. He feels that these 
authors have excelled because they have controlled 


their material so well. This control is derived from 
sheer knowledge of the facts and a persistent quest 
for what is relevant until “the whole assumes an 
ordered and organic pattern”. 

It is intriguing to see how devices of style are used 
consciously or otherwise) and how the personality 
gleams through the prose. Newton’s symmetry of 
thought, his dignified and authoritative tone are 
evident. Rayleigh’s style, as complete in itself as 
a Mozart string quartet, would suffer were 
attempts made to amplify or compress it in any way. 
Darwin develops his argument simply and modestly 
yet evoking excitement. Allbutt’s ‘sweeping brush 
strokes”” are a contrast to Duke-Elders’s gradual 
unfolding of ideas. Punctuation is used by White 
head, Max Born, Hinshelwood and Ricardo to give a 
lumpid flow and abounding clarity. As in ‘humane’ 
prose, there ean be scope for imagery and rhythm. 
Contrasted and associated rhythmic sequences can 
give a breathing quality to prose, so making it more 
Imagery may provide ana 


le ISS 


pleasurable to digest. 
logies, may convey shades of meaning ; 
frankly poetic as in Jacquetta Hawkes’s writing. 
The book should interest any scientist who wishes 
Ruxton VILLeT 


sometimes 
to write well 


The Wildbooters 
By Fritz Kern. Pp. &i+204. 
London: Oliver and Boyd, Ltd., 1960.) 


(Edinburgh and 
21s. net. 


PTSHIS is an English translation, edited by K. J. 
Narr, of the late Prof. F. Kern’s Der 
Weltgeschichte (1953). Its thesis is the same as that 
put forward by Prof. W. J. Sollas in Ancient Hunters 
(1911), that arechwology and ethnology can be 
combined to present ‘“‘a picture of the early -history 
of mankind” (p. 54). Wildbooters, Kern’s word 
for hunters and collectors, replaces ancient hunters, 
protolithoid Lower Paleolithic, and instead of 
Australians (Paleolithic), Eskimo (Magdalenian) and 
Bushmen (Mesolithic), Ituri Pygmies, Chenchus 
and Yamanas are chosen to reveal the ‘‘essential 
traits’ of man’s ‘‘basie culture” ; but the objections 
to this thesis remain the same. Archeology is a 
science, ethnology is not the cultural stratigraphy 
of the ethnologist is one thing, that of the archwo- 
logist is another: and “reconstructive imagination” 
is no substitute for factual history. The first six 
chapters attempt to summarize and synthesize the 
prehistoric racial and archeological background, the 
seventh deals with the oldest cultural (ethnological) 
stratum, the rest describe the economy, religion and 
social organization of this stratum as deduced from 
ethnological accounts of their modern survivors. 
There are no bibliography, maps or index. The 
Wildbooters provides a stimulating hypothesis of the 
life of early man, but archeologists and ethnologists 
will demand more detail, social anthropologists will 
wonder why so many of his sociological data are drawn 
from such little-known and inadequately studied 
tribes, while the general reader will be defeated by 
the morass of conflicting racial and archsological 
theories in the first few chapters. G. I. Jones 
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Archazological Investigations in British Guiana 
By Clifford Evans and Betty J. Meggers (Smith 
sonian Institution: Bureau of American Ethnology, 
Bulletin No. 177 Pp. xxi + 418 +68 plates. (Wash 
ington, D.C (iovernment Printing Office 
n 

SHE authors, who are well known for their work 


r 
| at the mouth of the Amazon and other parts of 
lowland South America, spent the winter of 1952-55 


British Guiana Their report can be assumed to 


ith 
have answered most of the questions of any unport 
ance which are likely to arise im the archwology 


There is, however, one important problem, probably 
insoluble, to which they direct attention for the first 


tune, namely, the possible existence of an earls 
hunter horizon of the age of the first occupation of 
South America. The evidence consists of seven 
large stemmed stone points, four of which they 


illustrate, to which I may add three of rather different 
form in the University Museum of Archwology and 
Ethnology, Cambridge. All are casual finds, they 
are unlike anything known of later date, and the 
possibility of finding a site which puts them in their 
is remote in the environment. 

the the work covers the North-West 
and two inland areas. The first produced 


context 
For 
District 


rest, 


pre-ceramic shell-mound stage, with polished 
stone tools and extremely crude pereussion-flaked 
ones, with pottery and agriculture coming into its 


latest stages, perhaps from Venezuela. It is aseribed 


to the early centuries a.p. There follow three distinct 


ceramic phases, the first from Venezuela 5OO, 
the second from Trinidad ¢. 1100, and the third 
probably from the East ¢. 12-1300. lasted until 
the arrival of the Europeans. The inland areas, 


the Rupununi Savanna and the Upper Essequibo, 
were chosen as likely ones for finding traces of people 
immigrating from the south Traces were indeed 
found in the shape of distinctive pottery, but all 


be longed to people known to have come after 
1670, some of them, the Wai-Wai, very recently 
indeed 


The sum of it all is that British Guiana was never 
a great centre of aboriginal development and had 
great attraction for them Various peoples 
entered it from time to time, most of them at a late 


no 


period, and probably under pressure. 


G. H. S. 


Natural Selection in Human Populations 
Edited by D. F. Roberts and G. A. Harrison 
posia of the Society for the Study of Human Biology, 


(Svm 


Vol. 2.) Pp. viii+76. (London and New York 
Pergamon Press. 1960.) 20s. net 
N the first paper, ““Natural Selection in Man: 


Some Basic Problems’’, Prof. L. S. Penrose discusses 
the particular genes recognizable in human popula 
tions in terms of their frequencies, precise effects, 
of stability, and quantitatively 
observable trends. The popular view that present 
day cultural practices have abolished the effects 
of natural selection upon our species is rejected. 
Rather, the process has been transferred at certain 
points from one genotype to another, may be 
observed in the role that medical control of infectious 
disease has exerted in reducing the advantage of 
those genes whose frequency in the gene pool was once 
maintained for fighting disease. Dr. Penrose regards 
the primary force of selection today to be directed 


origins, degrees 


as 
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anomalies 


embrvonie level. where most 
oceur does 
pool since its victims do not live to reproduce. 


A. R Mathematical Mode!- 


the 


Such 


wards 


selectivity not harm the 


Owens 


for Selection’’, approache s selection um terms of its 
effects solely upon the genotypes themselves. His 
athematical model is a representation of the 


polymorphism of multiple alleles which he suggests 
as a means of approach to the complex factors of 
heterozvg 


~The 


Relative Fitness of Human Mutant Geno 
types” by Dr. C. A. Clarke and “Natural Selection 
and Some Polymorphic Characters in Man” by Dr. P.M 
Sheppard are clinical to those gene 
complexes we identify as the units of hurnman poly 
morphism. The fourth contribution to the Sympo 
sium, by Prof. T. Dobzhansky, “On Selection of 
(iene Systems in Natural Populations’’, 
the frequent ly overlooked fact that natural selection 


appre yaches 


emphasizes 


works on organized gene systems rather than 
on single discrete genes which are the concern 
of some human geneticists embogged at the bio 
chemical level 

The final paper, which is by Dr. Ashton, ‘The 


Rate of Change in Primate Evolution’’, is essentially 
a review of the primate fossil record and of studies 
of the St. Kitts green monkey population. Dr 
Ashton regards the rate of morphological change 
for the primates as completely in let erminable. 

This collection of should useful 
the physical anthropologist concerned with problems 
of human genetics and the intellectual history of 
this phase of the discipline. As a broad study of 
natural selection in human groups the book is only 
Little attention is given to the 


researches he to 


partially successful. 
cultural factors affecting the frequencies and distribu 
tion of human polytypes. An understanding ot 
that relationship of social tradition to genetic com 
plexes is the very crux of anthropological theory. 
Kennetu A. R. KENNEDY 


Mechanisms in Radiobiology 
Edited by Maurice Errera and Arne Forssberg. Vol. 2 : 
Multicellular Organisms. Pp. xiii +395. (New York : 
\cademie Inc.; London: Academic Press, 
Ine. (London), Ltd., 1960.) 13 dollars. 
FUNHIS is not a text-book. The five chapters, all 
by different authors, show little sign of editorial 
integration and vary greatly in quality. “Gametes 
and Developing Embryo”, by Roberts Rugh, is a 
useful literature source, but by no means easy reading 
Rugh’s contention that cells are more radiosensitive 
during differentiation than during division may help 
to loosen some of the present fixity of radiobiologica! 
thought. “The Adult Organism”, by Clemedson 
and Nelson, is the least satisfactory chapter in the 
book. It not only uncritical but seriously in- 
complete. For example, there exist six classical 
papers concerning radiation effects on the thymus, 
but only one of these is mentioned and that incorrectly 
Structural changes in the retina, on which there is 
an important literature, are dismissed in five lines. 
Testis and ovary could have been omitted in view of 
their more complete coverage in Rugh’s chapter. 
“Immunology”, by HaSek and Lengerova, is too 
short (sixteen pages, excluding chimeras) to do 
justice to this important topic. “Protective and 
Sensitizing Action”’, by Eldjarn and Phil, is a good 
and critical survey, despite its somewhat pro-SH bias, 


Press, 


1 
? 
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The last chapter, ““Kecovery and Therapy”, by van 
Bekkum, seems quite outstanding. Not only is it 
aptly critical and fully informed, but also the author 
has been able to digest his material and present it in 
a gracious literary form, and much wisdom withal : 
a maodel of science writing. QO. A. TROWELI 


Sco!lt Head Island 

Edited by Prof. J. A. Steers. Revised edition 
Pp. xi+269+429 plates. (Cambridge: W. Heffer 
and Sons, Ltd., 1960.) 50s. net. 


YCOLT Head Island is a strip of marshland, shingle 
S ridges and dunes approximately four miles long, 
lying off the north Norfolk coast between Burnham. 
Overy Staithe and Brancaster. Of the seventy-odd 
statutory Nature reserves which now exist through 
out Great Britain, it can justly hold pride of place as 
one of the most intensively studied by botanists, 
zoologists and physiographers. The present volume 
provides ample testnnony to the work of a great 
number of individuals during the past thirty-tive 
years or BO, As 18 to be expected, the physiography 
and evolution of the Island receive extensive treat- 
ment, evidence being provided of the structure of 
the various marshes, their rates of accretion and the 
influence of extraneous forces on them. The Island 
is evidently in a state of dynamic equilibrium, the 
beaches and dunes being built up at one time and 
eroded at another. Such circumstances demand 
constant adjustment and great adaptability by plant 
and animal colonists, and so provide wonderful 
opportunities for the ecologist. That these oppor 
tunities have been fully realized is evident from the 
accounts of pollen analysis in the peat and the 
detailed studies of flowering plant and bryophyte 
ecology. Of the animals, birds are treated in some 
detail with particular reference to terns, wildfowl 
and waders. There is a useful section on marine 
invertebrates and an interesting account of terres 
trial molluses in relation to the fluctuating variety 
of habitats that the Island has to offer. The insects 
of the Island appear to have been studied less than 
the other groups already mentioned, and the account 
of their ecology is rather fragmentary. Clearly, 
there are opportunities here for the investigation of 
micro-evolutionary changes for which they might 
provide admirable material. 

The reappearance of this splendid symposium in 
revised and expanded form will be welcomed by 
anyone with a love of ecology and natural history. 
It provides an example of the eco'ogical survey 
at its very best. W. H. Dowprsweti 


Schizophyzeen 

Von Prof. Dr. Lothar Ceitler. 2. umbearbeitete 
Auflage. (Handbuch der Pflanzenanatomie, Band VI, 
Teil 1. Zweite, véllig neubearbeitete Auflage heraus- 
gegeben von Prof. Dr. W. Zimmerman und Prof 
Dr. P. Ozenda.) Pp. vii +131. (Berlin-Nikolassee : 
Gebrider Borntraeger, 1960.) 57.50 D.M. 


T would be a mistake to assume that this volume, 

as might be suggested by the title of the series, 
deals only with the gross structure of the Schizo- 
phyceae—or, as they are better known in Great 
Britain, the Cyanophyta, Myxophyceae or blue-green 
algae. The author has interpreted anatomy in a 
browi sense, and almost every page has refereace 
to other features of wider interest. 


The morphological range in the group is adequately 
summarized, but in addition there is a particularly 
good account of modern work on the structure of the 
protoplast, a subject of considerable importance on 
account of the low level of cellular organization as 
revealed by the absence of differentiation into 
nucleus and cytoplasm. That botanical enigma, the 
heterocyst, also receives adequate treatment, but it 
would seem that there is still no satisfactory explana 
tion as to the function, if any, of this peculiar typ 
of cell. 

The text is illustrated by many fine figures, while 
the printing and binding are all that could be wished 
tor 


The Birds of the British Isles 

By Dr. David Armitage Bannerman. Illustrated 
by George E. Lodge. Vol. 9: Scolopacidae (Part). 
Pp. xii+398+26 plates. (Edinburgh and London 
Oliver and Boyd, Ltd., 1961.) 63s. net. 


P ESHIS ninth volume (with three still to come) is 
| devoted entirely to the Scolopacidae and does 
not, indeed, completely cover that large family. 
Here we have the curlews, godwits, and an array 
of sandpipers ; the phalaropes, separated by some 
authorities, are also inclided. So many of these 
species are not natives of the British Isles that 
Dr. Bannerman has had to be even more assiduous 
than usual in gathering extraneous material for 
full accounts of their life-histories. In doing this 
he has drawn on a wide knowledge of the literature 
and information supplieg by correspondents, while 
other authors have contributed certain sections by 
mvitation. In this way the birds are followed on 
one hand to breeding grounds in the high Arctic 
or in North America or Asia. and on the other to 
winter quarters by tropical coasts, rivers and lakes 

a valuable compendium of evidence. Some of these 
‘waders’ (or ‘shore-birds’ as the Americans have it) 
were among the best subjects of the late Georg: 


Lodge's artistry, LANDSBOROUGH THOMSON 


The Monarch Butterfly 

By Dr. F. A. Urquhart. Pp. xxiv +361 +12 plates 
(Toronto: University of Toronto Press : London : 
Oxford University Press, 1960.) 52s. net. 


ie a well-printed and well-produced book of 350 
pages and twelve coloured plates, Dr. F. A. 
Urquhart, of the Royal Ontario Museum, has produced 
a very full account of the monarch butterfly, Danaus 
plexippus Linn., particularly from the point of view 
of its life-cycle, its habits ineluding its remarkable 
annual migrations—and its relation to other Species 
in & ‘mimicry’ complex. The first part of the book, 
96 peges, is a general survey: the second gives in 
more detail the investigations carried out by Urquhart 
and his collaborators in the field during many years. 

Nearly all the book is of interest to the field 
naturalist, but its most outstanding contribution 
is undoubtedly the results of the author's work 
on markirg of the butterflies on their autumn and 
spring mogrations, and recoveries at great distances. 
It has been generally accepted for many years that 
the monarch in North America must migrate over 
long distances to the south in the autumn and back 
to the north in the spring, but absolute proof was 
lacking 


Fe 
a 
| 
Sty 
EX 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
+ 
| 
| 
| 
7 
| 
| 


74 Supplement to NATURE ol April I. 1961 


been tried 
thirty vears, borat, thre 


Marking exper th meaects have 


ny countrie 
her of reeo,s long distance has been 
gible Urquhart lu ‘ more 
butterflies marked, 
f theu 


the spring, his 


successful. 


of many, housands of 


in the autur the beginning south 


ynent, but some also in 


saneludes YS in the autumn and 13 


more than 13 miles from the place 


these the rmuaxieun distance tor a 


ng was 600 miles ; while for the autumn 
were 25 more than 


1.000) miles 


there recoveries if 


miles. of which were more than 


Phe most distant recovery Was on marked m Ontario 
August IS 1957. 


in San Luis Potos. 


on January 25 


recovered 
Mexico, 
For t 


hbrars 


and 
a distance of 


les in a direet lin results alone the 


should be in evers 


B. 


Solubilities 

Inorganic and Metal-Organic Compounds —a Compil- 
ition of Solubility Data from the Periodical Lites 
iture By Dr. Atherton Seidell Vol. 1 Ir 
Fourth edition by Dr. William Linke Pp. 

(Princeton, N. J D. Van Nostrand Company 
Van Nostrand Company, Ltd 


1487 
Inc.; London I) 


bid 


least one of the complete editions of this farnous 
eries Solubilities, published by Dr. Atherton 
Seidel) in 1907 

\ regular revision of a compilation of data of thus 
the 
Host 
the 
mvestigations on 


every scientific library contains at 


first 


is absol imperative if work is to 
with the 


Even in 


itely 


the screntist recent and 


information short period 


decade, numerous original 
and inorganic solution equilibria are pub 
idinous modern screntific period 
and all these 
and tabulation. 


under review is the first of the 


athe im the maultit 


pOurnals, eritical 


als and require & 


periodical assessment 
The volume 
edition, revised and compiled by Dr W K 
result of a detailed, 
vations recorded in the chemical 
1956-57 tho data of 


ithors on particular s ibstances have been compared 


eritical study 


is the 
abstracts 


Various 


period 


onal combined imreliable observations have been 


omitted lv agreeing re sults are plotted 


whereas clos 
averaged 

As in the we 
are listed alphabet. ally according to their chemical 


Ji-known earlier editions, the elements 

ibols, and the anions of compounds also fall into 
sith lear alphabetical \ welcome mnovea 
the pre sent 
omplete index of substances and compounds which 
renders the location of specific data a much more 
The author and reference 
ndex is extensive and comprehensive 

rhis new edition is to be published in three volumes 
Che first volume covers argon to iridium, and volume 
Volume 


organic 


tion to edition is the imelusion of a 


tacile procedure usual 


2 will complete the morganic compilation. 
devoted to the solubilities of 
compounds in various solvents 

series Comprises a valuable modernized 
edition of a reference work of the 
greatest value to chemists for more than fifty vears, 
and. like a good wine, it ‘needs no bush’. 


3 is to be 


The new 


which has been 


LEWIS 


Advances in Clinical Chemistry 

Vol. 3 Edited by Harry Sobotka and C. P 
Pp Mil $00). New York Academic Press, tne 
London : Academic Press, Ine London), Ltd 
1960.) 12 dollars 


FISHE third volume of this 
| has now established itself 
the desk of every 
chemist and which ean be read with profit by general 


Stewart 


whiel 


pour o 


iseful annual, 


as i essential 
of equipment on hospital bie 
maimtamns the high 


Particularl, 


biochemists and clinicians alike, 
standards set by its two predecessors 
valuable is the chapter by Brown on cestrogens, for 
it not only provides a useful survey of their meta 
significance but it also vives 
the ir 


mot 


and clinical 
full experimental deta Is tor 

blood and urine in a form which 
able Fohe and 
discussed in twin chapters by Girdwood and Griisbeck 


bolisim 
estimation in 
readily avail 
elsewhere acid vitamin B,, are 
respectively, while the account of kernicterus by 
Arias includes a useful survey of present-day know 
ledge of bile pigment metabolism 

The chapter on flocculation tests im relation to 
by Reinhold is both ame 
eritical im its treatment of a commonly employed 
procedure which is simple to carry out, but which 
has hitherto been difficult to explain in other than 
empirical terms. In striking contrast is the account 
of infra-red absorption analysis by Schwarz. While 
infra-red spectra are invaluable to the organic chemist 
in the identification of unknown compounds they 
have only recently come to be applied to the exam 


liver disease exhaustive 


imation of tissue constituents and they are discussed 
here with particular lipid analysis 
Nevertheless, it is likely to be a long time before an 
mifra-red spectrometer becomes & standard piece ot 
laboratory 
DAVIDSON 


reference to 


elinical chemustry 


least. 


equiprnent im every 
in Great Britam at 
Advances in Biological and Medical Physics 

Vol. 7 Edited by Cornelius A. Tobias and John 
H. Lawrence Assisted by Thomas Hayes 
Pp. ix +362 (New York: Academic Press, Ine 

London: Academic Press, Inc (London), Ltd 

1960.) 10 dollars. 


volume 
| seven topics 
this 
First 


further selection of 


field 


present Ss a 


from the wide covered by 


SeTICS. 

there is an excellent chapter by G. 
and C. R. Fuerst and physiological 
effects of the decay of following 
incorporation into bacterial 
These effects are primarily the result either of the 


S. Stent 
on the genetic 
phosphorus-32 
viruses and bacteria 
transmutation of phosphorus 32 to sulphur-32 or of 
the recoil of the nucleus and not to the ronization 
produced by the (%-particle emission. There is a 
useful chapter on radiation effects on the nervous 
system by N. N. Livshits, covering much of the 
Russian literature in this field Another chapter, 
by L. W. Law, on radiation careimogenesis prov idles 
a wealth of data, but the discussion 1s confined 
almost exclusively to the hypothesis 
for the induction of neoplasia over 
dosage units leads to the incorrect statement that 
Wistar rats are 200 times more sensitive to phos 
phorus-32 than are CF, mice to strontium-90 for 
bone tumour induetion. A chapter by D. Carlstrom 
deals with the technique of micro X-ray diffraction 
in biology, but only a few applications of the tech. 
There is a clear introduction 


mutational 
Confusion 


nique are described. 


int 
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rd move 
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to autoradiography with tritium labelled compounds 
by J. H. Tavlor ; 
dlammaye to ce lls by we 
ental animals have appeared im the 
tZ ides a « haypote r 


however, important results on the 


called ‘tracer’ doses in experim 

Press since the 
article was written, L. FE 
on mechanisms for the transfer of mtormation from 
the light image to the optie nerve in the horseshoe 
and D. Gitlin and C. A deal 


<otopic studies on the distribution and metabolisn 


crab Janeway with 


plasma protems. 
In general, the authors have presented their sub 


the volume should 


ects clearly and concisely. ancl 


provide a useful introduction to the various 
rvered N SLACKET 
Radioactive Wastes 
Ther ‘Treatment 
J. C. Collins. Pp. 
F. N Ltd... 10680 
R. COLLINS has brought together ten chapte rs, 
LVI each written by an expert in lus own fir ld, 
under one cover, form a logical anc 


(General 


London 


ana Dispose | 


Spon, 


which, tou ther 


thorough treatment of a relatively new subject 


Introduce tory chapte rs on the nature of radioactivity 
waste put t hie general 


Farr's 


and sourees of radioactive 


problem ik perspective contribution 
radiation is a masterly 


total 


on the hazards of 
It takes 
and internal 
different 
isotopes in specific organs, and then shows how these 


allowed for 


account of dose-rate, dose, external 


irradiation, biological effectiveness of 


thie coneentratjon of 


ractpat pons, ingested 


factors are quantitatively in fixing 


maximum pern issible levels of radioactive species 
in the body, in air, in drinking water. and on con 
tarmmated surtaces 

The law about disposal of radioactivity im Britam 
The last five chapters ce 
meeting im practice the stringent 


been set for safe disposal of 


is stummarized. scribe 
techniques for 
which have 
gaseous, liquid and solid radioactive wastes 

This is a technical book, full of factual information, 
but its verv full glossary and index to abbreviations, 
logical style, should 


wide readership. It will be 


standards 


with its 

attractive to a very 
valuable to all those people who have responsibilities 
for public health, the husbanding of natural resources, 
nuclear programmes and industrial use of 
radioactive materiels. One feels that the book will 
be enjoved also by those who read Nature, 


combine d 


because 
they enjoy dipping into branches of science other 
than their own, and one hopes that through them 
this hook mav lead to well-informed discussion of a 
subject of importance to the general public. ‘ 
K. D. B. Jounson 


Digest of Literature on Dielectrics 
Vol. 23. 1959. Edited by Louis J. Frisco and Thomas 
D. Callinan. (Publication No. 799.) Pp. xiv +423 
(Washington, D.C National Academy of Sciences 
National Research Council, 1960.) 8 doilars. 
FYXHE latest volume of this series comes up to the 
| expected high level. The number of publications 
on the subject within a vear is surprisingly 
There are 2.214 abstracts, and the origin of the papers 


large 


is truly international. 

In the measurement field, frequencies greater than 
100 Me./s. are coming into the forefront, and at the 
highest attract 
imereasing attention. 
propert 


optical techniques 


A good deal of work is reported 


freque ncies 


on dielectric and molecular structure 


RE of April 1. 


The chapter on 
results which are interpreted in terms of band theory 
still remains 4 


conduction contams experiunenta 


but conduction in good dielectries 
difficult subject. 
Breakdown in 


reviewed systematically this year. 


liquuids and Lanes has been 
At present ther 


is interest in pre breakdown currents, and relatively 
much work is reported on non-uniform fields. 

In ferro-electricity and 
impressed with the wide range of techniques used and 
the Jarge Russian effort on the subject. The so 
called relaxation dielectrics are attracting attention 


piezo-eleetricity one 


Phe digest includes an impressive chapter on magnet 
with 528 thus 
ubject exchanys 


references. Developments im 


theoretical 


stn, 
include new work on 
forces and statistical mechanics and experimental 
work on thin films and devices 

The last third of the book is devoted to the techno 
insulating materials, and 
Ther: 
is much mterest in insulation for high temperatures 

In conelusion, the 
bibhography of the subjeet, and the authors succeed 
the paper 


DANIEI 


logical application ot 


contains references to the patent literature, 

digest contains a comple te 

fair critical appraisal of 
VERA 


in giving 
abstracted. 


Atlas of y-Ray Spectra from Radiative Capture cf 

Thermal Neutrons 
By L. V. Groshev, V. 
and V. I. Pelekhov. 
by J. B. Sykes. (International 
vraphs on Nuelear Energy. Division 4: 
and Radiation, Vol. 1 Pp 
New York: Pergamon Press, 1959.) 


N. Lutsenko, A. M 
Translated from the 
Series of 


Demiudoy 
Russian 
Mono 
op 
London and 
140s. net. 
itlas, which was first published In English 
in 1959, was the first attempt at an exhaust ive 
thermal 
raves to be published in book form, though 


compilation of information on neutron 
eapture 
a rather similar compilation, not quite so compre 
hensive, was published as a Chalk River Report 
1ECL.669, by Jartholomew and Higgs in 1958 
The work of the Russian group led by Groshev, in 
the field of neutron capture y-rays, is too well known 
to require commit nt, and the 
their own work and that of the Chalk River Group, 
together with the relevant work published elsewher 


itlas contams much of 


up to and including 195s, 
97 entries 


The bibliography contains 


tables of 
thermal! 


with 
stable Opes giving IBOtopic abundances, 


The information presented begins 


and 
of target and product nuclei, and binding energies 
end half-lives of the product nuelei. The tables 
contain references to the original literature Follow 
ing the tables are the spectra, to 
gether with further tables of intensities 


neutron capture cross-sections, spins parities 


capture ray 
as measured 
by various authors, assignment, where possible, of 
the +-rayvs to the appropriate compound nuclei, and 
also, where possible, energy-level diagrams 

This impressive compilation is invaluable both to 
the nuclear physicist and to the 
who is with shielding 
only the hook which I 

the technical 
figures. This 
hurriedly so eurves are 
distorted and diffieult 
to read. Such technical defects seem out of place in 


reactor engineer 
The 


justified 


concerned problems 
feel is 
matter of the 
appears 
that 
occasionally 


criticism of 
concerns 
of the 
rather 


repre 


have heen done 
the 


the lettering is 


some of 


a hook costing £7 E.R 
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The Space Encyclopedia 
4 Guide to Astronomy and Space Research. 
Pp. 288. (Horsham: The 


Second, 
revised edition Artemis 
Press, 1960.) 

PE CHE first edition of this fascinating work was 
| published just before the launching of Sputnik 1 
Much that was then mere speculation is now ac 
omplished fact, and the many alterations im the 
reflect the present rapid advance in 
space research. The section on “Artificial Satellites” 
has been completely re-written, with details of the 


new edit ion 


25 satellites and space probes launched prior to 
April 1960 The torty-odd new sections, ranging 
from “‘Black Knight” to “Van Allen Belts’, have been 


uided at the expense of certain minor topics ana the 


eondensation of others. In particular, several mis 


siles hitherto treated separately are now collected 
minder the new heading **Missile™ 

The appearance of the book is much improved 
by the addition of eight colour plates, one of which 
shows the beautiful “Veil Nebula in Cygnus”. The 
farmous Russian “Far side of the Moon’”’ is one of 


several new photographs 

Certain misprints persist. In the Table of Planets. 
p. 230, the masses of Mars to Neptune are incorrect 
ind on p. 155 the period of Phobos is still given as 
id. 39m. A mistake the 
diagram on p. 28, where the track of Sputnik 1 is 
shown starting off south-east instead of north-east. 
These errors apart, the Encyclopaedia will 
provide a useful reference to space enthusiasts for 


eurious also occurs in 


Space 


the next vear or two, when we shall look forward toa 
further revised edition R. H. Merson 


Principles of Electricity and Magnetism 
By Y. Rocard. Translated by G. F. 
Harker. Pp. x +779. (London: Sir Isaac 
and Sons, Ltd., 1959.) 70s. net 


NEW book in this field would need to be out 

A standing to make the task of translating 
worth while. The book is very up to date, and the 
many examples of the practical uses of the topics 
discussed bring new life into what is often regarded 
as @ dull, text-book subject. Although the author 
advocates the use of rationalized M.K.S. units he in 
fact uses ¢.8.u., @.m.u., and practical units. The 
scope of the book is much wider than is implied by 
the title. Some sections have become so condensed 
that they have little value. The section on X-rays, 
which seems out of place in this volume, contains 
number of mistakes (for example, it is sug- 
gested that a Laue photograph is obtained with a 
stationary crystal and radiation, 
and, later, a powder diagram is described as a Laue 
photograph). 

The Grenoble electrostatic generator is described 
in considerable detail, but no information is given 
about its performance. It is encouraging to see the 


Herrenden 
Pitman 


monochromatic 


permalloy magnetometers included in this type of 


book The chapters on polyphase currents and d.e. 
machines are more complete than one expects in a 
book aimed at physicists rather than engineers. The 
notation throughout the book is not uniform. In 
Chapter 13 the Langevin formula is given and the 
symbols used are defined. In Chapter 31 the detailed 


theory is given using a different set of symbols. It 
is a pity, in a book designed for undergraduates, 
to find no problems for the students to solve. 

FE. STANLEY 


Proceedings of the Institute of Petroleum Hydro- 
carbon Research Group Conference on Molecular 
Spectroscopy 

Held in London, 27-28 February, 195s. 

E. Thornton and Dr. H. W. Thompson. 

$52. (London and New York: Pergamon 

1959.) 70s. net 


Edited by 
Pp. vii 
Press, 


f bo report gives the twenty-two papers presented 
together with the relevant discussion at the 
second two-day conference on molecular spectroscopy 
held by the Hydrocarbon Research group. The 
contributors are from both industrial and academic 
laboratories in several countries, and are leaders in 
fields ranging from nuclear magnetic resonance 
through infra-red to ultra-violet spectroscopy, able 
to discuss with authority new ideas and techniques. 

The range of topies presented is far from being 
confined to the petroleum field and will be of interest 
to every physical and organic chemist The extent 
to which the conference is topical is demonstrated 
by the high proportion of space devoted to nuclear 
inagnetic resonance and other new 
fields, for example, the applications of polarized 
infra-red radiation, shock-tube excitation and fre« 
radical spectra. A range of papers shows advances 
in the infra-red region, including new instrumentation. 
theories of band intensities and the study of inter 
molecular forces in compressed gases, in surface 
adsorption, in solution and in the formation of 
hydrogen bonds. 

The organizers of the conference are to be compli 
mented on bringing this interesting diversity of 
speakers together. However, it does seem that the 
fields covered by the heading of ‘‘Molecular Spectro- 
scopy” are rapidly becoming too numerous and too 
specialized to be covered adequately in a two-day 
\. 
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meeting. 


A Mathematical Tool-Kit for Engineers 

By H. A. Webb and Dr. D. G. Ashwell. Second 
edition. Pp. vii+116. (London: Longmans, Green 
and Co., Ltd., 1959.) lds. 

CONCISE account of the more important 
A mathematical topies dealt with im the final 
year of engineering undergraduate courses is pub 
lished, in second edition, under the intriguing title 
A Mathematical Tool Kit for Enqineers This title 
is truly deseriptive of the book. Within the compass 
of little more than one hundred pages, eleven chapters 
deal with complex numbers, differential equations, 
Fourier series and Bessel funetions, together with the 
ealeulus of variations and the theory of errors. A 
chapter on Macaulay methods little 
known technique for discontinuous differential equa 
tions, and the Laplace transform is associated, 
through the integral inversion formula, with a chapter 
on contour integration. The most important basic 
formule, in relation to engineering application, are 
derived as simply and directly as possible, without, 
of course, any attermpt at mathematical rigour, and 
techniques of application are suitably illustrated. 
That arguments presented with such conciseness and 
economy ean still carry conviction is a tribute to the 
skill and ingenuity with which the derivations have 
been devised and developed. The selection of 
material is excellent. The little book should be of 
great value to engineering undergraduates and. 
as a work of occasional ready reference, to practising 
engineers. J. 
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Vew Books 


Mathematical Puzzles 


And Diversions 


»y MARTIN GARDNER. A selection 
inglicised and with new material added 
from the author’s many brilliant contri 
butions to Scientific American Man) 
lrawin 17s. 6d 


Drawings of 
British Plants — XVI 


by S. ROSS-CRAIG, Part XVI 
(Compositae-2, 33 plates, 9s. 6d.) of this 
famous standard series will be ready very 
soon. Write to the publishers for a full 
Mustrated price list 


Great Biologists 
»» HARLEY WILLIAMS. The lives of 


Linnaeus, Aristotle, Erasmus Darwin, 
Charles Darwin, Lamarck and others, by 
the author of The Healing Touch, etc 
For biology students, particularly, it will 
be valuable supplementary reading, for it 
provides a picture of the whole subject's 
historical background. Illustrated. 13s. 6d 


two recent ones 


An Approach to 
Modern Physics 


by E. N. da C. ANDRADE, p.sc., PH.v 

P.R.S. 2nd Edition, revised and enlarged. 
of one of the most notable post-war scien- 
tific books for general readers. NEW 
SCIENTIST: ‘there is hardly any import- 
ant development of modern physics . . 

which has not been woven into the fabric 
of the book . . . stimulating.” Reprinted 
1960 Illustrated. 27s. 6d 


Principles of 
Semiconductor 


Device Operation 


py A. K. JONSCHER, pu.p., Research 
Labs, G.E.C., Wembley. Written to fill a 
definite gap in semiconductor literature, 
this excellent book will be welcomed by 
electrical engineers, physicists and 
students at the graduate level Man) 
diagrams. Ws 


a new hook for voung readers 


Science & 


The Farmer 


by F. R. ELWELL. The many exciting 
effects of scientific research on farmers 
methods and ideas are cleverly shown 
through a month-by-month tour of an 
imaginary English farm. Illustrated. 


G. Bell & Sons Ltd., 
46 Portugal St., London, W.C.2 


(4 BE LL4) 


MINERAL 
SPECIMENS 


We announce a collection of mineral 
specimens, mainly crystalline, some loose, 
some upon their matrix. 


Although we specialize in the supply 
of British minerals, our collection con- 
tains many foreign species. 


Our complete mineral catalogue gladly 
sent on request. 


THE MINERAL DEPARTMENT 


RAYNER 


100 NEW BOND STREET, LONDON, W.1 


Grosvenor 5081 
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PLANT AND ANIMAL BIOLOGY, ‘Vols. 1&2 


N_ RI > Sc.(Hons.) 
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Scientific Circulations Ltd. 


We have extensive stocks of Technical Journals, Periodicals 
and Textbooks. Special terms for Technical and Commercial 
Libraries. All Scientific and Technical publications purchased 


111, Eastbourne Mews, London, W.2 


Telephone: AMBassador 6934 


ISLAND 


edited by 
J. A. STEERS 


Professor of Geography in the 
University of Cambridge 


Second Edition 


THE MUSEUM BOOK STORE, LTD. 
25 Vevonshire st., London, W.! 
(Welbeck 1340) 

Buy and sell Scientific Journals and Periodicals and 
Learned Society Publications in all languages. 
Librarians, and others, should send us their list of 
““wants’’, or duplicates for sale. Binding undertoken 


Fully illustrated 


SOs. net 
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A physiographical biological 

ccount of a nature reserve off the 

Norfolk Coast which has been closely 

observed for some 38 years, the 

present volume is virtually a new 

book The original edition appeared 
in 1934 


HEFFER - CAMBRIDGE 


BOOKS & JOURNALS 


We display some 28.000 recent and standard books on all branches 
of science and technology. Inaspection is always invited ip our 
spacious showrooms, which are conveniently situated. 


POSTAL SERVICE 


We pride upon speed of dispatch and regularity supply 
some of the largest Industrial undertakings in Britain and overseas. 
Aenual subscriptions taken for any British or foreign journal. 


Call, write, or phone 
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McGRAW -HILL 


BACK ISSUES OF JOURNALS IN 
SCIENCE & THE HUMANITIES 


ALWAYS REQUIRED BY 
We. DAWSON SONS, LTD., 
Back Issues DEPT., 
16 West STREET, 
FARNHAM, SuRREY, ENGLAND. 
TEL: FARNHAM 4664 CaBLes: DAWBOOKS, FARNHAM 


is the Registered Trade Mark of 


**GURR’S”’ GEORGE T. GURR LTD. 


Since 1915 “GURR’'S” brand of MICROSCOPICAL STAINS and 
Reagents has become world-famous 
If you want this world-famous brand specify “GURR'S"’ 
and refuse any other 
Ask for catalogues 
GEORGE T. GURR LTO 
136-138 NEW KINGS ROAD, LONDON, S.weé 


GLASSWORKERS' 


STRAIN-VIEWING 
POLARISCOPE 


Full wave retardation analyser 
for S800 A gives most sensitive 
colour indication of strain 
Field and sight aperture 1} 
dia Dimensions 64” x 54” 
S*. Price: £11 16s. 6d. 

As above but without colour 
analyser showing strains against 
black field. Price: £5 Ss. @d. 


Immediate Delivery. 


H. S. B. MEAKIN, LTD., 36, Victoria Street, S.W.! 
SUPPLIERS OF POLAROID PLASTIC and GLASS Tel. : Abbey 6713 


Just Published 


BROWN EGYPTOLOGICAL STUDIES II 


EGYPTIAN 
ASTRONOMICAL 
TEXTS 

The Early Decans 


By 
O. Neugebauer and Richard A. Parker 


Volume I 


Bicentennial Publications. Brown University 
Studies in the Fields of General Scholarship 


Published for the Brown University Press 
by Percy Lund, Humphries & Co., Ltd 


Price £7 


Order from 
PERCY LUND, HUMPHRIES & CO., LTD., 
12 Bedford Square, London, W.C.1 
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BRONOWSKI 


SCIENCE AND HUMAN VALUES 


that the 
single 


These important essays seek to show 
creative of the 
phenomenon in all fields of mental achievement. 


activity mind is a 


They present the scientist in relation to our culture 


and civilization as a whole. 12s. 6d. 


F. J. BUYTENDIJK 


_. Discusses the nature of pain, and 


gee 2 {lyse its purpose as a factor in life. 

The most recent research is drawn 
<r upon to show how pain originates 
ee... and to detail the physical and psycho- 


logical reactions that it prompts. 25s 


(2) Hutchinisn 


A Selection of Notable Books 


SCIENTIFIC ASPECTS OF NEUROLOGY 

Leeds Neurological Sciences Colloquium, 1959-60 
Edited by HUGH GARLAND, T.D., M.D., 
276 pages 102 illustrations 


THE CLOSED TREATMENT OF COMMON FRACTURES 
By JOHN CHARNLEY, BSc... M_B., 
Third Edition 284 pages 434 illustrations SOs 


CELL AND TISSUE CULTURE 
By JOHN PAUL, M.B., Ch.B., Ph.D... M.R.C.P Ed 
Second Edition 324 pages 129 illustrations 


ANTISERA, TOXOIDS, VACCINES AND TUBERCULINS 
IN PROPHYLAXIS AND TREATMENT 


SOs 


6d 


By H. J. PARISH, M_D., F.R.C.P_E., D.P.H., and D. A. CANNON 
O.BE., M.B., BSc.. D.T.M.AH 
Fitth Edition 296 pages “6 illustrations td 


MACKIE AND McCARTNEY’S HANDBOOK OF 


BACTERIOLOGY 
A Guide to the Laboratory Diagnosis and Control of Infection 


Edied by ROBERT CRUICKSHANK, MD. FRCP. DPH 
Tenth Edition 992 pagcs 48 j!ustrations 


SURGERY OF THE ACUTE ABDOMEN 
Ry JOHN A. SHEPHERD, M.D... MCh, FRCS 
1.238 pages 104 illustrations £*. 
Complete catalogue sent on request 
E. & 8S. LIVINGSTONE LTD. 


TEVIOT PLACE, EDINBURGH 


MACDONALD TECHNICAL 


Fortheomin 


TEXTURES IN METAL SHEETS 
F. A. UNDERWOOD, M.Sc., A.inst.P 
8} 52 in. 160 pages. Fully Illustrated. 28s. net 


PRINTED CIRCUITS 
J. M. C. DUKES, M.A., D.1.C., A.M.1.E.E. 
8} = 52 in. 240 pages. Fully Illustrated. 40s. net 


ELECTRONICS : 

A BIBLIOGRAPHICAL GUIDE 
C. K. MOORE, B.Sc., and K. J. SPENCER, A.L.A 
8} in. 65s. net } 
THE GEOLOGY OF THE NORTHERN 
RHODESIAN COPPER BELT 
Edited by DR. F. MENDELSOHN 
9} Gin. 


63s. net 


Available 


TRANSFORMERS AND GENERATORS 
FOR POWER SYSTEMS 
R. LANGLOIS-BERTHELOT, 

M.1.E.E., M.AMER.1.E.E. 
8; « Sgin. 544 pages. 


218 figures. 65s. net 


LTD. 
16 MADDOX STREET, LONDON, W.I. 


MACDONALD & CO. (Publishers) 


BRooks on pure 
AND APPLIED SCIENCE 


LARGE STOCK ALWAYS AVAILABLE 


Many of the books reviewed or 
mentioned in this journal are available 
from stock. Foreign books not in 
stock obtained to order with the least 
possible delay. 


Catalogues on application. 


Scientific Lending Library 


New books and latest editions available promptly 


ANNUAL SUBSCRIPTION, FROM £2-5-0 
Prospectus free on request 


Second-hand Books 


Large stock of recent editions 


Please state interests 


Ht. K. LEWIS & Co. Ltd. 
LONDON: 136 GOWER STREET, W.C.! 
Business hours—9 a.m. to 5.30 p.m., Saturday to | p.m 
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Three unique information services 


SPECIALLY DESIGNED 
KEEP INDIVIDUAL SCIENTISTS 
ABREAST NEW DEVELOPMENTS 


CURRENT CONTENTS OF SPACE & PHYSICAL SCIENCES enables scien. 
tists to keep up with new developments in such fields as missiles and 
rockets, electronics, mathematics, computers, physics, nuclear energy 
and instrumentation. This new weekly service comprehensively reports 
the contents of more than 500 primary journals—over 100,000 indi- 
vidual articles per year. As a special bonus, all basic chemical journals 
are covered in this edition of CURRENT CONTENTS. Available only to 
CURRENT CONTENTS subscribers is our exclusive Original Article Tear 
Sheet service. OATS supplies the principal ingredient in the effective 
utilization of scientific information—prompt and convenient access to 
original documents. And cost of OATS is lower than hard-to-read photo- 


copies 


INDEX CHEMICUS is a twice-monthly abstracting and indexing service 
that promptly reports and indexes all articles and communications re- 
porting new chemical compounds. For the 1960 literature, more than 
60,000 new compounds were indexed. The first yearly cumulative for- 
mula and author indexes are now available. Leading chemists through 
out the world have hailed INDEX CHEMICUS as a significant develop. 
ment in chemical documentation. One of the major reasons for the 
rapid acceptance of INDEX CHEMICUS is the fact that it speaks the 
language the chemist understands best—the language of the structural 
diagram. This approach eliminates the need for involved chemical 
nomenclature 


CURRENT CONTENTS OF CHEMICAL, PHARMACO-MEDICAL & LIFE 
SCIENCES is a comprehensive weekly service that lists the tables of 
contents, most of them in advance, of more than 600 primary scientific 
journals. With this service, the scientist is given a unique, convenient 
method to scan the title pages of journals of interest to him without 
physically handling thousands of individual issues per year. Spending 
about one hour per week, he can easiiy check off articlés of interest. 
CURRENT CONTENTS also provides, when possible, author addresses so 
scientists can write to colleagues for reprints. In addition, Original 
Article Tear Sheets are available 


GRATIS REVIEW COPIES OF THE ABOVE LISTED 
SERVICES ARE AVAILABLE UPON REQUEST. 


INSTITUTE FOR SCIENTIFIC INFORMATION 
33 SOUTH 17th STREET * PHILADELPHIA 3, PENNSYLVANIA 
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A clear and simple picture of the role and influence of nucleic acids in heredity— 


AN OUTLINE OF CHEMICAL GENETICS 


BERNARD STRAUSS, Ph.D, 


Associate Professor of Microbiology, Umversity of Chicago. 


It is pleasant to recommend an introductory book, informative and relatively inexpensive, 
which conveys some of the excitement of recent discoveries in genetics.””. THE LANCET 


Chapter 1. THE GENETIC CONTROL OF PROTEIN SYNTHESIS 
Biochemical Genetics—Genes and Protein Structure—Qualitative Changes in Enzyme 
Structure—Partial Genetic Blocks—Complementation Phenomena—Biochemical Mechan 
isms of Gene Interaction—Organized Enzyme Systems. 

Chapter 2. THE CHEMICAL NATURE OF THE HEREDITARY MATERIAI 

lransformation in Bacteria—Studies with Viruses—Transmutation Techniques—Structur 

and Synthesis of DNA-Distribution of DNA to Progeny. 

rHE MOLECULAR MEANING OF GENETIC RECOMBINATION 

rhe Principles of Genetics—Size of the Gene—Mechanism of Recombination 

Chapter 4. MUTATION AS A CHEMICAL PROCESS 
Detection of Gene Mutations—Production of Mutations by Changes in Base Order- 
Mutagens with Complex Effects—Mechanism of the Induction of Mutations by Radiation 


NYCLEO-CYTOPLASMIC RELATIONSHIPS—PROTEIN SYNTHESIS 


(hapter 


( hapter < 
Studies on Isolated Nuclei—Enucleation and Transplantation Experiments—Biochemica 
Mechanism of Protein Synthesis—Role of Nucleic Acid 

Chapter 6. THE BIOCHEMICAL GENETICS OF MAN 
The Biological Basis of Human Individuality—Inborn Errors of Metabolism—Detection 
of Heterozygotes—Molecular Disease. 

References—Author Index—Subject Index. 188 pages. 35 


W. B. SAUNDERS COMPANY LIMITED, 7 Grape Street, London, W.C.2 


NELSON’S ATLAS OF 4 from PRENTICE-HALL 
EUROPEAN BIRDS 


THEORY AND APPLICATION 


ro i 
Professor kK. H. VOOUS OF FERRITES 
: Preface by : R. F. SOOHOO. An introduction to the study of 
Sir A. Landsborough Thomson the theory and applications of ferrites at and below 


“This splendidly produced volume fills Wwequencias. A 
2 rigorous treatment of the subject. 280 pp.. 63 - 


a long-felt need in ornithology. A map 


given showing the COMPUTER LOGIC : 
The Functional Design of Digital Computers 


nests in Europe. The author's text Is 


clear, concise and sound. He has in IVAN FLORES. Describes and illustrates with 


block diagrams how a computer is constructed 


e > detaile he geographical 

ach cans and how it works in detail. 458 pp., 45 - 

range and habitat, and wherever these 

present problems of biological interest MODERN FLIGHT DYNAMICS 

he has discussed them, so that the book 

is both a reliable summary of the - Urieges the gap detween 

k and ; luable guide to ques- aeroplanes and rockets with particular emphasis on 
dynamic motion and the stability of that motion. 

tions of zoogeography and _ species- 320 pp., 45- 

formation that would profitably repay 

further research.” —Nature PETROLEUM ENGINEERING 


CARL GATLIN. An exhaustive study of the prob- 
lems of drilling and completing oil wells 
341 pp., 63 - 


355 halftone plates and 419 maps 70s 


NELSON 


28 Welbeck Street, LONDON, W.! 
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Designed on the same principle as a coupled heating 
and ventilating system, the Unitherm Drier is an 
efficient laboratory cabinet giving rapid, uniform drying. 


It has a capacity of 100 trays of 400 grams of material of 
D.M. content 20°; and has been carefully tested at 
controlled working temperatures up to 105° C. 


Leaflet No. 24 gives full details. 


BIRMINGHAM & BLACKBURN 


CONSTRUCTION co. LTD. 
ARMOURY CLOSE, BORDESLEY GREEN, BIRMINGHAM 9 


FOR THE RECLAMATION & SALVAGE of In addition to the range ot 
ELECTRONIC COMPONENTS... . USE 
| FLOWMETERS 


DE-SO LV 292 tor laboratory and industrial use 


we invite enquiries for the 


A SOLVENT FOR EPOXY & POLYESTER RESINS | 
| “R.M.” DENSITY METER 


Here, at last, is the answer to the problem ! 


of salvaging electronic components from 
rejected units where the sealing medium tor piped liquids, and the 
consists of one of the Epoxy or Polyester 

resins The ease with which defective em- 

bedded units may be reclaimed eliminates “EKSTROM” 

the need for devoting costly man-hours to 

the recovery of expensive rejects j 

De-Solv 292 is a non-inflammable and neutra LEVEL INDICA I OR 
of low toxicity ex 


| 


solvent combination | 
tremely easy to use. The potted unit con : 
salaing the components to be is tor all liquids including both 
immersed for 8 to 12 hours in a sufficienr | 


quantity of D.S.292 in a suitable container 
toxics and corrosives 


with cover or lid which fits well. On removal 
the softened resins can be brushed or rubbed 


Jway 
De-Solv 292 is economical because it can be Booklet NN2125 I2 ts free On reque St 
re-used after removal of the resin particles 


by straining through a suitable strainer or a 

piece of cheese-cloth 

AVAILABLE IN SCREW-CAPPED CONTAINERS. QUARTER A T A m A 
GALLON AND ONE GALLON PRICES 


GALLON, HALF 
AND FULL DETANS ON APPLICATION FLUID MEASUREMENT AND CONTROL 
FLOW - DENSITY - LEVEL 


Developments Co. Ltd. rortameTeR MANUFACTURING CO. LTO 
PURLEY WAY CROYDON SURREY 
CROydon 3816 


PRIORY PARK, ULVERSTON, LANCS. Telephone 
Telephone: Ulverston 3306 
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C. P. SNOW 


Science and 
Government 


The Godkin Lectures, given at Harvard last year. Sir Charles Snow describes the con- 
flicts between Sir Henry Tizard, who played a large part in ensuring England’s survival 
in 1940, and Lord Cherwell, the Prime Minister’s chief scientific adviser at the time. 

Against this background he shows why trained scientists are as essential as professional 
administrators on all levels of government. 


Qs 6d net 


Oxford UNIVERSITY PRESS 


Large Elastic A Bibliography of 
Deformations and the Honourable 
Non-Linear Robert Boyle 


Continuum Mechanics Fellow of the Royal Society 
JOHN F. FULTON 


The writings of Robert Boyle give a cross- 


A. E. GREEN and J. E. ADKINS 


An Introduction to Bacterial Plant 
Animal Physiology Pathogens 


W. B. YAPP Cc. STAPP 


This publication attempts to cover in an 


This book gives a systematic exposition of section of science, philosophy, and religious 
some of the main topics of the non-linear thought in the second half of the seventeenth 
theory of large elastic deformations, including century. Since the first edition of this Biblio- 
chapters on the strain energy function for the graphy appeared, many fresh studies of Boyle 
crystal classes and various torms of the stress- have come to hand. The explanatory Intro- 
strain relations, exact solutions, plane strain, ductions to each of the separate works have 
plane stress, membrane theory, and approxi- been either revised or extensively rewritten in 
mation methods. Text-figures $55 net the light of this new material. 

Second edition Illustrated net 


Translated from the German by A. SCHOENFELD 


elementary way the whole range of animal, as The author gives an account of the techniques 
distinct from human or general, physiology. necessary for the identification of phyto- 

In this revision, while the general form has pathogens, describes by genus and species 

been retained, several sections have been those tound in central Europe, and discusses 
rewritten and brought up to date. the known facts about the diseases and methods 


Second edition Illustrated 255 net of control. Text-figures 425 net 
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LIMPOPO 


Geological map of the Mateke Hills area in south-eastern 
Rhodesia. Inset map: &.R., Southern Rhodesi» 


P.E.A. 


Fig. 3. 
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2 Sediments 
1. (Cneisses, ete. 


Basement Comples 
Limpopo River. In contrast, neighbouring areas to 
the north and south are characterized by a very thin 
sequence of Karroo sediments which in places is 
absent altogether. Strong normal! faulting developed 
along the sedimentary trough during the period of 
Karroo sedimentation. 

A very much thicker voleanic sequence overlies 
the sediments and comprises a lower group of olivine 
basalts and tholeiites with associated picritic minor 
intrusives, and an upper group of ignimbrites of 
rhyolitic composition. A thick and extensive sill of 
granophyre, here termed the Main Granophyre, 
intrudes the voleanics near the base of the ignimbrite 
vroup. 

The volcanic activity culminated with the develop- 
ment of eight intrusive complexes closely comparable 
with those found in Damaraland, South West Africa?. 
Six of the complexes lie in the vicinity of the Mateke 
Hills, Nuanetsi District, Southern Rhodesia, and have 
been mapped in detail. The alignment of most of the 
complexes along the Limpopo orogenic belt is a 
further demonstration of the importance of the belt 
in controlling Karroo geology. 

Three of the complexes, of which the largest is the 
Northern Ring, consist of early gabbroic and later acid 
phases, the latter commonly being ring-intrusions. 
In the Northern Ring’, an extensive layered gabbro 
series is exposed. The gabbroic intrusions are older 
than the Main Granophyre, while the acid ring- 
intrusions are younger. Most of the remaining 
complexes consist only of acid rocks, several phases 
of granitic and granophyric intrusion being present 
in each. 

In the eastern part of the area, Cretaceous marine 
strata unconformably overlie the Karroo rocks, 


NATURE 


This is a strong 


activity 


including the Main (:ranophyre 
indication that all the intrusive 
assigned to the late Karroo period 
K. G 
J. 
Research Institute of African Geology, 
University of Leeds. 
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METALLURGY 


Occurrence of an Ordered Phase in an 
As-Cast Titanium-Aluminium Alloy 


PHASE equilibria in the titanium-rich region of th: 
titanitun aluminium constitution diagram have not 
been elucidated despite many experimental investiga 
tions. The results of earlier work! indicated an 
extensive region of hexagonal close-packed x solid 
solutions. At a temperature of 800° C. it was reported 
that 36-5 atomic per cent aluminium was soluble in 
the low-temperature modification of titanium. It 
was also concluded that the first intermediate phase 
on this side of the diagram was y, which exists over a 
region of homogeneity and’resulted from a pertectic 
reaction involving a 8 solid-solution and the melt. 
A study of the variation in iattice parameters as a 
function of composition in the proposed « phase 
region has been made*®. Several papers have presented 
X-ray powder diffraction evidence for an intermediate 
phase in this same region of the diagram. This 
crystallographie species, the § phase, has been observed 
in heat-treated specimens containing 25 and 33} 
atomic per cent aluminium’®*. Experiments per 
formed with an electron microscope’ have demon 
strated the epitaxial relationship of « and 8. A 
constitution diagram has been proposed? in which two 
intermediate phases exist between the terminal « 
phase and +. 

During an X-ray diffraction investigation of this 
region of the constitution diagram the 6 phase has 
been observed in an as-cast alloy containing 37:1 
atomic per cent aluminium \ fragment of an are 
melted ingot was examined and revealed Laue 
symmetry 6/mmm. Weissenberg photographs of 
the zero and first layer lines were obtained with 
copper and molybdenum radiation. The diffraction 
maxima were sharp and doublets well resolved. Multi 
ple-film techniques have been employed to obtain the 
structure factors. The unit cell content was placed 
in the following special positions of space-group 
D§,: 2 aluminium atoms in (c), and a statistical 
distribution of titanium and aluminium atoms in 
the six-fold position The compositional parametel 
associated with this configuration was assumed to be 
constant in the trial structure, and it was derived 
from the ingot composition. This assumption seems 
reasonable in view of the lattice parameter versus 
composition data? and the variation of structure factor 
with composition. Agreement of intensity measure- 
ments for strong and weak reflexions indicates a4 
single crystal in object space. Previous papers re- 
porting evidence for the 4 phase derived their data 
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the 


vould sugye 


heat-treated The tact that 


has been found in an as-cast alloy 
libria for this cons 


‘ 


proposed equ tite 
n caret il considera 


the 
liagram be give 
priblished 


mt I 


by prevrous investigators * 


establ shed the 


diffraetion photographs ot 


paper 
* similarity 
X-ray powder 
ri.Sn and those ot 
im _aluminium vanadium alloy 


quires 


et ween 
aluminium alloy and 


Jaffee, L. D 
» Margolin. H ron, September 
The latter had obtaimed by 


search workers in previous invest 


titan 


titan 
private 
films been 


rural rons at 


re 
the California Institute of Technology Jet Propulsion 
These existing data were evaluated by 


Laboratory 


ad tor the 


onsidera 


that either a 


beer 


know ledge 
liad propos 
the for « 
mm of composition and position parameters In the 


thout 


ore, necessity 
rvatal atrueture determination of 6 has been discussed 
ha private communication by mvself to H. Margolin 
T have neither demonstrated nor 


Ti.Sn and 'Ti,Al are isomorphous, a 


that 
been stated im 


rted 
the lterature 
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CHEMISTRY 
Oxidation of Galena to Lead Sulphate 


Beveridge Denbigh' directed 
the development of a concentric shell of zine 
vhen a compressed sphere ot zim sulph cle powde r 
in air at 1,2 This shell 
from the reaction between zine 
surface of 


The 


and have attention 


as oxidized 
presumed to arse 
sulphur diffusing 
zine sulphide and oxygen diffusmg inwards 
lstance the and the shell ine reasec 
vith mereasing temperature, and the diameter oft 
the shell was greater than the diameter of the original 
the oxidation of a erystal of galena 
to lead sulphate we have observed the 
on spherical 
faye! detached trom and concentric with the 
The mechanism bv which this product laver 


outwards from the 


bet core 


core During 
leack sulphide 


of an approximately product 


format 
galena 
ervstal 

formed appears to «difter trom that proposed tor 
rine oxide! 

Using a thermobalance 
oft oxidation of discrete ery stals ot galena in an atmo 
sphere contaming oxygen, sulphur dioxide and nitro- 


we have examined the rate 


gen at temperatures from 

‘ partial pressures of oxvgen and 
the oxidation product may be lead, 
on 


Ln particular we have followed the 


on the respecti 

ur diox wk 
lead oxide, mono tetra-basic lead sulphat: 
or lead sulphate 
formation of lead sulphate im oxidizing atmospheres 
50 per cent oxygen and 1-50 per cent 
nitrogen. The 
from the 
observed over 
wer 


containing 
sulphur d oxide, the 
ot 


balance being 
been calculated 
the 

The galena crystals 


has 
ot 


ils 


oxidat ron 
weight sample 


meters 


not preheated im an mert cas before oxidation on 


account of the loss in weight from vaporization and 
oxidation to lead by traces of oxygen in the inert gas 
Our results show that the proceeds as 
follows: Initially an adherent layer of I ad sulphate 
builds up on the surface of the galena erystal; later 
this layer of lead sulphate becomes detached from the 
surface of the galena (leaving it free from oxidation 
products) and forms @ brittle spherical envelope the 


dimensions of which approximate those of the origunal 


dation 


galena crystal ; finallv, eracks occur in the envelope 
it progressively thickens and expands, and lead 
of the galena 


as 
sulphate is again formed on the surtace 
ery stal The composit ion of the produc tis contirmed 
X-ray analysis 
Fig. 1) and ¢ shows galena ervatals which have been 
oxidized containny 
10 per cent oxygen, 15 per cent sulphur dioxide, and 

Several of the lead sulphates 


bv 


at 750° C. in an atmosphere 


75 per eent nitrogen. 


envelopes have been broken to re veal the partly 
reacted galena crystals 

In acceunting for the development of the spheriea 
we suggest that there is a gradual diminu 


‘ nvelope, 
lead 


tion in the permeability of the adherent layer of 
sulphate to the oxidizing atmosphere. Then following 
the vaporization of galena with some dissociation 
into lead and sulphur*—a 
oxidation occurs predominantly by diffusion of lead 


the envelope react 


reached wher 


stage 1s 


and ions through to 


sulphur 
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onrdizing atmosphere outsice the 
ratio ead 


with the 
volume 


thickens, and, as the 
to lead sulphide is greater than un 


nvelop 
wate 
sulting stresses the « nvelop. to expand 

rate of formation of the adherent laver of lead 
ilphate has been found to depend on the temperature 
atmosphere 


the sulphur dioxide content of the 


ations m the oxvgen content however. do mot 


abl 
the reaction-rate 


markedly attect 


We a 


snowledge the 


support 
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Sodium Chloride Whiskers 


Ir generally beliewed that the fast waned 
hrectional growth of the major part of whiskers may 
due to the winding up of one or 


whisker 


rere 


be partly 
screw 
Armelineks demonstrated thos cislocation mechan sta 
whiskers by the decora 


alony thee 


in sodium chloride 
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He observed on whiskers grown by @ simple 
broadening of hollow, tube-like 

developed from spiral terraces 
axial 


nique? 
method 
pyramids probably 
thought to originate from 


also the 
which are Screw 
dislocations®. 

The pyramid growth pattern is known. V. D 
Kusnezo that its presence in crystals 
grown from solution may be related to the small de 


suggested 


pendence on temp rature of the solubility of rock-salt' 
The observations of Z. Gyulai refer to the growth of 
such pyramids from vapour’. We, too, found such 
troughs’, not only on the tip of whiskers grown from 
vapour but also on sodiwn chloride plates exposed 
for some time to vapours of sodium chloride’ 
Hexagonal spiral-terrace patterns of N.A. Shamba and 
N. N. Sheftal on silicon crystals frozen from cooled 
melt, and observed easily with the optical micro 
scope, are further examples’. 

We wish to. report 
obtained by growing sodium chloride whiskers from 
vapour. The pyramidal tip of the whiskers in Fig. I(a 
shows undoubtedly a spiral construction. The linear 
length of the pattern was 8 mm. Fig. 1(b) shows a 
similar whisker tip after the other parts of the 
The linear measurement of 


some interesting patterns 


pyramid were removed. 
the spiral was in this case 6 mm 


wart = 
* 
a 
K. V. Conve) 7 
“we 
eridge, G. G Denbig A. Na o18 4 seale-like sodium chloride whisker 
Kellogg, H. H., and Basu, 8. K., Trans, M 
a 
. - 
age : 
Fig. 1. Spiral terrace on *he tip of sodium chlorite whisk 
a 


st 


Fig. 2 shows another example : it is suggested that 
this whisker with a scale-like construction refers to 
spirals’. 

The zig-zag pattern in Fig. 3 indicates that the 
two-dimensional explanation of S. Amelinckx® of the 
heheally twisted silver wh skers obse rved by Brenner'” 
refers to a two-dimensionally twisted whisker shape 
which actually exists 

We wish to thank Miss F. Jost for her help. 
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Budapest 
*Eshelby, I. D., J. App. Phys., 24, 
Amelinckx, S., Vetallurgica, 7, 


176 (1953) 


1610 (1950 


* Amelinckx, 8., Physica, 24, 300 (1958) 

*hKusnezov, V. D., Aristali ¢ kristallisaria, 148 (Moscow, 1053) 

*Cyulai, Z.. WTA Mat. Term. Tud. Oazt. Kézl.. 1, 10 (1951) 

Turchanyi, Gy., Horvath, T., and Tarjan, L, Magy. Fiz. Foly., 8 
(1060) 


*Shamba, N. A 


N.N., Kriata/lografia, 2, 441 
vkin, D. D., Roat kristallor, 10 


1957) 


Moscow 


and Shettal 


and Sarat 


Phil 
Brenner, 8. S., Acta 


May., 8, 425 (1958 
Wet., 4. 62 (1956) 


Effect of Strong Electric Fields on the 
Boiling Points of some Alcohols 


WHILE investigating the molecular theory of liquids 
and liquid mixtures we were led to examine the effect 
fields on the saturation vapour 
pressures (boiling points) of liquids. Results of these 
investigations for methyl, ethyl and tsopropy| 
alcohols are reported here. 

The liquid is in a cylindrical tube about 20 em. 
long which is immersed in a transformer oil bath 
A condenser, fitted to the side of the tube through 
a ground-glass joint, keeps the boiling liquid in 
contact with the outside atmosphere while at the 
same time vapours condense and flow back into the 
liquid without escaping out of the apparatus. A 
Beckmann thermometer, graduated in hundredths 
of a degree centigrade, is inserted from the upper 
end of the tube and held vertical with its bulb just 
above the surface of the boiling liquid. When the 
liquid is boiling the bulb remains completely covered 
with a continuous film of the liquid formed by the 
condensing vapours which trickle back into the liquid 
in the form of drops. A built-in condenser is provided 
near the upper end of the tube to prevent any 
possible leakage of vapours through the upper portion. 
A regulated supply of heat to the oil bath is given 
by an electric heater controlled by a ‘Variac’ trans- 
The temperature of the oil bath is maintained 


of st rong electric 


former. 
a few degrees above the boiling point of the liquid. 
Under these the boiling point could be 
maintained constant to Ol deg. C. for fairly long 
mtervals 
The tube 
vapours is held between 
which an alternating voltage of about 
be applied through a transformer. 
Samples of pure specimens used in the present 
investigations were Merck's analytical reagents from 
freshly opered bottles which were further purified 
by the usual methods until their boiling points and 
densities agreed with those quoted in the literature. 
The liquid was allowed to boil first in the absence of 
the field, and after the temperature remained steady 
for about 4 hr. the field was switched on. The 
temperature starts falling almost immediately and 


conditions 


the boiling liquid and_ its 
two parallel metal plates to 
20 kV. can 


containing 


NATURE 


April 1. 1961 vox 


becomes steady after some time. On switching oft 
the field the boiling points rose to their original 
values. 

The depression in the boiling points, AT’, for fields 
E, varying from 0 to 5 kV./cm., were determined for 
methanol, ethanol and isopropanol. 

Observations were also made with three different 
1, B and C of diameters 3-65 em., 3-00 em. 
These are shown in 


tubes / 
and 2-50 em. respectively. 
Table 1. 


Table 1 DEPRESSIONS IN THE Points MPTHANGOL 
ETHANOL AND J20PROPANOL IN ELECTRIC FIFLIS 
7 
- 
voltag Methanol Ethanol Jxopropanol 
kV 
B ( B ( i i ( 
oO 46s 0-70 O 


field was applied only to the 
liquid region and not to the vapour phase, a rise of 


However, when the 
0-1 deg. C. was observed in the case of methanol at 
5 kV./em. 

Observations with other polar as well as non-polar 
liquids are in progress. 

We wish to thank Prof. D. S. Kothari for suggest - 
ing the problem and helpful discussions. One of us 
(M. M.C.) is grateful to the Council for Scientifie and 
Industrial Research for financial assistance. 

P. K. Karri 
Department of Chemical Engineering, 
Delhi Polytechnic, Delhi. 
M. M. CHauprri 
Department of Physics, 
University of Dethi. 


Thermo-Reversible Denaturation of 
Eucollagen in Solution 


A SUBSTANTIAL proportion of mature collagenous 
tissue will dissolve in weakly acidic media after a 
cold pre-treatment in alkali. The resulting solutions 
of soluble eucollagen show qualitatively many of 
the characteristics of solutions of acid-soluble 
collagens’. In particular, a very dilute solution in 
0-15 M citrate (pH 3-7) possesses a high specific 
viscosity (nsp/C about 10 dl./gm. at C = 0-02 gm./100 
ml.) over the temperature range 5-25° C., and a 
very much lower value (n<)/C about 0-4 dl./gm.) at 
35° C. and higher temperatures. The high viscosity 
at low temperatures suggests that eucollagen, like 
collagen, has a rigid, rod-like form in solution, while 
the relatively low viscosity at 35° C. and higher 
temperatures reflects the very flexible nature of the 
gelatin molecules which are formed rapidly and 
irreversibly under such conditions from the eucollagen 
solution. 

At intermediate temperatures (for example, 30° C.) 
the initially high viscosity falls with time, and on 
re-cooling to 20° C., the solution shows a marked 
and rapid rise in viscosity. Examples are given in 
Fig. 1. Boedtker and Doty*® heve stated that solu- 
tions of soluble collagen, after partial denaturation 
by heating, show an increase in viscosity on re- 
cooling, and have suggested that this is due to aggre- 
gation of the gelatin molecules previously formed 
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Time (hr 


Fig. 1. The time dependence of 
svlutions which have been heated 0° or 3 or 
stated Concentration, 4 eucollagen per 


M citrate (pli 3-7 Eucollagen pr red from det 


iineraliz 


at the higher temperature. However, if this were the 


explanation of the present results, the viscosity 
should increase with time only slowly in the imitial 
stages, at 20° C., more rapid increases following as 
larger and larger aggregates are built. Fig. 1 shows 
clearly that the rate of rise decreases with time 
Moreover, the maximum possible contribution to the 
viscosity from aggregation of derived gelatin is far 
smaller than the observed changes in the viscosity 
of soluble eucollagen at 20° C. after a period at 30°C 
This is confirmed (Fig. 2) by observing the aggre 
gation in eucollagen solutions which have been 
completely denatured by heating at 60° C. for 
10 min Thus the recovery im viscosity at 20° C 
after partial denaturation at 30° or 31° C., can be 
due to gelatin aggregation only to a minor extent 

It is therefore presumed that the structural 
disorganization on heating eucollagen in solution 
at 30 or 31° C. proceeds in two steps, the first of 
which is, at least, partially reversible by cooling, 
while the second gives rise irreversibly to gelatin. 
The partially disorganized, thermo-reversible states 
for dissolved eucollagen have considerable stability 
at 30° C. (Fig. 1). At higher temperatures, however, 
the life-time of any intermediate state is short, so 
that the conversion of eucollagen to gelatin proceeds 
in effect in only one step 

Exploratory experiments have shown that fibrils 
are formed from incompletely denatured eucollagen 
solutions re-cooled to 20° C. and dialysed against 


1 per cent sodium chloride. (The solutions used are 


Time (hr.) 
Fig. 2. The time dependence of np/C at 20°C. for a partially 
and a completely denatured eucollagen solution, in 0-15 M citrate 
(pH 3:7) 
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marked F in Fig. 1.) Such tibris have a shrinkage 
temperature 5-10 deg. C. less than the value for fibrils 
prepared from a sample of the original, undenatured 
solution. The formation of fibrils from the denatured 
solutions could arise either from eucollagen particles 
which were unaffected by the higher temperature, 
or from particles re-organized from intermediat: 
states formed on heating The observed fall un 
shrinkage temperature suggests that the latter 
particles are an important constituent 
N. T. Crosry 
STAINSBY 
Department of Leather Industries, 
The University, 
Leeds 2. July 12. 
Courts, A., and Stainsby, G.,in W i, A. G., Nature, 183, 440 (1059) 
ttoedtker, H., and Doty, P., J. Amer. Chem. Soe., 78, 4267 (1956). 


Reductive Dimerization of Naphthalene 
by Sodium-Ethylamine 

BENKESER ef al. have reported! that naphthalene 
is reduced to octalin and decalin by lithium ethy! 
amine; however, sodium ethyvlamine was said to 
Convert naphthalene to unidentified poly meric 
tabs Because of our interest in the reduction of 
organic compounds and of coal by metal amine 
systems*, we have re-investigated the naphthalene 
sodium-—ethylamine reaction. The so-called polymeri« 
material has been identified as a stereoisomer of 


(T) 


fil 


A mixture of 6-40 gm. of naphthalene, 10°35 gin 
of sodium, and 200 gm. of ethylamine was refluxed 
for 5} hr. Ether was added, the solution decanted 
from a large amount of umreacted sodium, and the 
product washed, dried and distilled There was 
obtained 3-73 gm. of material, b.p. I80-200° (2-3 
mm.), which slowly crystallized. The low-voltage 
mass spectrum showed mass 132 (tetralin), 260 
(hexahydrodinaphthyl) and 262  (octahydrodi 
naphthyl). Three reerystallizations from ethanol gave 
1-70 gm. of white crystals, m.p. 84-0-85-0°, mass 262 
Anal. caled. for C,,H,,: 91:55; H, 8-45; found 
(, 91-38; H, 8-43. This purified material was used 
to calibrate the mass spectrometer, and the assump 
tion was made that the instrument would have the 
same sensitivity for the hexahydrodinaphthy! as for 
the octahydrodinaphthyl. On this basis the original 
reaction product contained; tetralin, 9 per cent ; 
hexahydrodinaphthyl, 19 per cent octahydro 
dinaphthyl, 72 per cent. Dehydrogenation of the 
octahydrodinaphthy! (palladium-on-charecoal, 330 
355°) gave 2,2’-dinaphthyl, identified by melting 
point and infra-red spectrum. 

Only three structures (I, IT, TIL) can be written 
for an octahydro-2,2’-dinaphthy! if it is assumed that 
each nucleus contains a benzene ring. The ultra 
violet absorption spectrum (peaks at 2732 A., E 
1417 and at 2660 A., E — 1241; shoulder at 2615 A., 
EF — 893) of the hydrocarbon described here elimin- 
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ates the structure (ILL). which would have a spectrum 
milar to that of diphenyl’ The strueture (II) is 
minated because it contaims 1,2,4-substituted 
enyene rng, which would be expected to have the 
wave-length band at about 2790 A. (ref. 4 
Sinee (1) consists of two tetralin nuclei it should have 
t identical with those of 


at positions 

alin. with about twice the mtensity of the tetralin 
For comparison, values for tetralin§ ar 
734 625; 2662 A.. = 537; 2618 A 
j 


lhe structure (1) was substantiated by dichromate 
dation of the hy lrocarbon which gave onl, 
hthalie acid by nuclear 

roscopy aliphat H’aromatie H, ealed., 1-75 
found, 1-8; aliphatic H, aliphatie H ealed., 1-33; 
found. 1-4); and by the infra-red spectrum (absorp 
‘on maxima at 5-15, 5-22, 5-30, 5-45, 5-53, 5-57, 
12-25, 13-36 and 13-52) which is consistent only 
with (1) (ref. 5) 


The structure (I) could exist in both a meso and a 


tic resonance 


acemie form, but only one compound was actually 
olated ; hence some ste }> im the reaction sequence 
which fixes the configuration of the product must be 


erere ospecifie 
The reaction is under inv 
will give dimeric products 


stigation to find other 
veterns which Anthra 
and phenant hre ne have been reduced, but no 


cen 
Tt is of interest 


linuclear materials have been found 
that electrolytic reduction of phenanthrene yields 
410,910 tetrahydro-9,9 diphenanthry!, but no di 
nuclear product is obtained by electrolytic reduction 
On the other hand, we have found 


of naphthalene*. 
L., Reggel, L., and 


Sternberg, H Delle Donne, 
Wender., I., unpublished work) that lithium ethvlene- 
liamine reduction of naphthalene at 15° gives about 
‘0 per cent of dimeric reduction products, the 
struetures of which have not yet been determined 
We wish to thank Dr. R. A. Friedel for the spectro 
SC studies 
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lonization Potential and Molecular Com- 
plex of Benzothiazol with lodine 

Tue three aromatic molecules benzophenons, indol 

benzothiazol should act as electron donors and, 


should favour the formation of molecular 
acceptors such as the 


and 
as such, 
complexes with electron 
halogens'. A spectroscopic investigation of such a 
possible effect. between these molecules and iodine 


was therefore undertaken and we briefly report the 
results here. 
For benzophenone and indol, no changes in the 


spectra of solutions of these compounds were noticed 
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when adding :odine (solvents were hexane for indol. 


and carbon tetrachloride for benzophenone), and 
neither any colour modification of the iodine solutiorx 
nor new absorption in the ultra-violet region was 


observed No complex thus seems to be formed 


hetween benzophenone or indol and iodine; at least 
none is detectable under the conditions of our 
experi ents 

On the contrary. in the case of a solution of 
benzothiazol in carbon tetrachloride. a slight colour 
modification of the jodine olution was noticed when 
properly chosen proportions of benzothiazol and 


odine were used (about 30 times more benzothiazo! 


than iodine) The 517-mu absorption maximum 
characteristic of iodine is practically not shifted 
new maximum at 516 my), but a new absorption 


oceurs in the near ultra-violet region around 300 n 
as observed with a Zeiss spectrophotometer. Using 
a Beckman automatic DA IT spectrophotometer, a 
new and intense ultra-violet absorption band 
characteristic of a new compound was observed 
at 282 mu. Its intensity is about that of the usual 
high ultra-violet absorption of molecular complexes, 
ind may perhaps be ascribed to a charge-transfer 
phenomenon 

It is well known that charge-transfer maxima are 
closely related to ionization potentials and a simple 
expression for this relation has been proposed®. A 
curve relating ionization potentials and ultra Violet 
charge-transfer maxima was published recenly? ; 
from this it is possible to deduce an ionization poten- 
tial for benzothiazol. 

It is found in this way that the 282 mu maximum 
corresponds to an ionization potential of 8-65 V. for 
benzothiazol. This is considerably lower than the 
ionization potential of benzene’, but closer to the 
ionization potentials of pyrrole and thiophene’, and 
might indicate that it corresponds to the removal of 
a non-bonding electron from either the nitrogen or 
sulphur atom, rather than a z-electron of the benzenic 
svstem. 
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BIOCHEMISTRY 


In vivo Formation of Normorphine in the 
Rat as a Metabolite of Tritium Nuclear- 
labelled Morphine 


Evipence for the N-demethylation of morphine 


has been provided by the demonstration in vivo of the 
pulmonary excretion’? of carbon-14 labelled carbon 
dioxide from and in vitro®,* 
by the enzymatic liberation of formaldehyde. The 
formation of normorphine in vivo has not been 
demonstrated directly, principally because of the low 
sensitivity and poor specificity of procedures used. 
The recent preparation of tritium nuclear-labelled 
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morphine? has provided the moans by the 
in vivo formation of normorphine from morphine 
could be observed in a sensitive and specific manner 
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which 


using selective paper chromatography 

Male rats (Sprague Dawley stra:n) were injected 
subcutaneously with tritium muclear labelled mot 
phine sulphate (10) mgr. kgm., free and 
the urine was cage-collected for 48 hr. under toluene 
The urine was autoclaved with 1/10 volume of con 
centrated hydrochloric acid for 25 min. at 18 Ib. 
pressure, cooled, neutralized with sodium hydroxide 
solution to pH 9, and buffered with phosphate buffer, 
pH 10-3. Anappropriate amount of cold normorphine 
was added as earrier, and the solution saturated with 
solid sodium chloride and extracted bv shaking for 
$5 min. with ethylene dichloride containing 30 per 
The organic layer was separated 


as base) 


cent n-amvl aleohol 
and the aqueous phase r extracted with fresh organic 
solvent. The residue, obtained by evaporation of 
pooled organic solvent extracts, was dissolved in 
absolute methanol and the solution chromatographed 
(descending) on a large Whatman No. 3 MM sheet 
acid and water (4: 1:2, by 
volume) as the solvent system. A narrow guide strip 
from the chromatogram was scanned for radioactivitv 
by elution of l-em. strips with dilute hydrochloric acid, 
the eluates being transferred to individual counting 
vials and evaporated to dryness. The residues were 
dissolved in absolute methanol, phosphor solution 
was added. and the samples were counted in a liquid 
scintillation Packard ‘“Tri-Carb’ spectrometer. The 
sean revealed a single sharp peak of radioactivity 
(Rp 0 The area under this peak was cut from 
the rest of the chromatogram, eluted repeatedly using 


using -butanol, acetic 


57) 


hot absolute methanol, and the eluate concentrated 
toasmall volume and chromatographed on Whatman 
3 MM paper strips, buffered with 0-2 M phosphate 
buffer (pH 8) using ¢ert.-amyl alcohol, n-butyl ether 
and water (80: 7:13, by volume) as a solvent system. 
The seanning of a guide-strip resolved the single peak 
of the previous chromatogram into two peaks of radio 
activity, one of Rr 0 due tritium-labelled 
morphine, and the other of Rp 0-20. 

The area under the peak of R- 0-20 was eluted with 
hot absolute methanol and chromatographed on 
Whatman 3 MM paper strips with n-butanol, acetic 
acid and water (4:1:2). Scanning the chromato- 
gram revealed a major sharp peak of radioactivity at 
Ry» 0-57 coinciding with cold normorphine on co 
chromatography. A small broad peak with Re 
0-39-0-51 which produced a diazoblue colour reaction 


76, to 


.50 mgm. tetrazotized diorthoanisidine dissolved im 
15 ml. of 0-2 M phosphate buffer pH 9 ; purchased 
from Dajac Laboratories as Naphthanil Blue &) and 
another very small peak at Rp 0-82 also appeared in 
this chromategram. The identity of the compound 
giving the peek of radioactivity at Rp 0-57 was 
further confirmed by co-chromatography with cold 
normorphine on Whatman 3.MM paper strips buffered 
at pH 8-9. The Rp of the radioactive peak was 0-18, 
and identical with the Rp obtained by spraying with 
diazoblue reagent. Some radioactivity also appeared 
at the origin of this chromatogram and in a small 
broad band at Rp 0-37-0-49 

Adequate chromatographic controls ensured the 
absence of normorphine in injected drug and th: 
possibility of chemical artefacts resulting from the 
extraction procedures 

Direct 
group of rats, injected as described previously, on 


chromatography of urine from a second 


83 


4 


large Whatman 3 MM sheets using n-butanol, acetic 


U 


acid and water (4:1: 2) showed two areas of radio 
activity, having broad-band Rr 0-027 0-19 
(probably due to conjugated morphine and conjugated 
metabolites) and another with Rp 0-67-0-72 (probably 
due to free morphine and free metabolites). The 
two areas were manipulated separately. Acid eluate 
from the area having Rr 0-67-0-72 was extracted ar 
hefore, using cold normorphine as carrier. The 
residue obtained by the evaporation of the organic 
phase was dissolved in absolute methanol, chromato 
graphed as described on Whatman 3 MM _ pape 


one 


strips buffered at pu 8-0 and 9°3 Known cold 
normorphine gave identical Re values. 
Similarly, the area having Rep 0 027-0-19 was 


eluted. the eluate autoclaved and treated as described 
to give similar results. Evidence was obtained that 
normorphine was also present im conjugated form 
metabolite A detailed will appear 
elsewhere. 
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Denaturation of Catalase by Freezing 
and Thawing 


Tue effects of freezing and thawing on the struc- 
tural and functional integrity of various biological 
materials, for example tissue, red blood cells', sperma- 
tozoa? and mitochondria’, have received increasing 
attention recently, especially from the point of view 
of low-temperature storage. At the level of isolated 
enzyme proteins, investigations’ have been qualita- 
tive m nature. 

This communication deals with the fundamental 
aspects of the effects of freezing and thawing on the 
biochemical activities of fresh ox liver catalase. 
Catalase became completely resistant against freezing 
and thawing denaturation after several months 
storage in solution (pH 7-0) or crystalline states m a 
refrigerator.) In our experiments, 0-5-ml. samples 
of M/100-buffered catalase solution (0-5 ugm. mil.) 
in test-tubes (1-0 em. 10:0 em.) were frozen by 
immersion in @ bath set to each required low tem- 
perature. After a given time the solution was removed 
and thawed rapidly in a bath at 25° C, After suitable 


dilution the remaining activity was determined in 
M/75 phosphate buffer, pH 7-0, at 0 C. 
Partial inactivation of catalase occurred within 


10 min. after immersion and then its activity re- 


mained constant during the next few hours. The 
extent of this inactivation depended on various 


experimental conditions, such as freezing tempera- 
ture, enzyme concentration, and pH of the enzyme 
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that there is a temperature range im which catalase 


is denatured during freezing and thawing The 
inactivation of catalase by freezing commenced at 
about 6° C., then reached the 20 per cent level at 

12°C... remained at this level to near 
and at last was reduced gradually between 75° ( 
and 120°C and over the range from 120° C. to 

192° C., catalase solutions retained their activities 
ompletely against freezing and thawing 

Che upper boundary of this critical region depends 
on the initial pH of freezing solutions. At Hd 


the imereasing 
temperatures 


no damage occurred at pH 10-0, but 
oceurred on either side*® 


12° C., however, no dependence on pH was 


below 
»baerved (pH range 5-11). The lower boundary, on 
the other hand, seems to be connected with the 


jing-rate. Some shifting of this inactivation curve 
has been demonstrated under three conditions (Fig. | 


com 


first. test-tubes were immersed directly into low 
temperature baths ; secondly they were immersed 
with air jacket by placing them in larger tubes ; 


and thirdly, they were frozen rapidly to 192° C., 
and then transferred to the required low -Lemperat ure 
bath 

It is interesting that even if catalase solutions are 
transferred to 30° C. after pre-freezing at Cc 
(pH 10-0) or at 192° ©. without inactivation. they 
both suffer 20 per cent inactivation of activity within 
10 min., which completely coincides with the level of 
inactivation by freezing directly in —30° C. bath for 
10 min. This strongly suggests that the denaturation 
of the enzyme by freezing and thawing may be caused 
by the transition processes of the ice-crystal state 
responsible for the critical region of temperature, 
whether from the liquid state or from the frozen 


state outside the above range 

It was of interest to investigate whether glycerol 
and ethylene glycol, which have attracted increasing 
attention recently as ‘antifreezer’'*, provided pro 
tective action against denaturation of catalase by 
freezing and thawing In addition, sugars, 
inorganic electrolytes, fatty acids (which have been 
known to inhibit the denaturation of some protems) 
other of interest were also tested 


1). 


some 


and substances 


(Fig. 


Fig. 1 Activity lost when catalase solutions containing various s 
In all experiments the enzyme was frozen in M/1L00 phosphate buffer at ; 
pH 10-0 indieated | s broken lin for 10 min. by immersion at the 
licated, directly maferred trom pre-freezing at 192°C. 
Jacket Cata e concentration iv mm. dry wei 
Curve (@) tihustra the pr ctive action of 0-01 percent gelatir (A) O-F 
> 1M glue V« im acetate, ammonium sulphate, sodium 
late W sod i dodecyl sulphate ) 1 M sucrose 
give { Ol per cent ovalbumir 7) no additive 
solution Concentrated enzyme solution Was more 
resistant against freezing mactivation. The activity 
lost freezing temperature curve (Fig 1) indicates 


April 1, 
The results of these observations 
show the considerable 
action of 1 MW glivecerol, | 
acetate, O-1 M 
monium sulphate, sodium 
butyrate. O-1 sodium caprylate. 


protective 
Vv vlucose. 


sodium am 


and also 5 «x 104 VW sodium do 
decyl sulphate. Gelatin gave com- 
plete protective action over the 


vhole temperature region in a low 
concentration of O-O1 per cent, but 


the same concentration of oval- 

had little effeet 
Our present knowledge is in 
sufficient to vive an experimental 
lutes frozen explanation for the existence of our 
critical region of temperature. How- 
) r by an air ever, it is interesting to compare 
these results with the analogous 
butvlats sodium phenomena hus h Lov slock! re 


5M ethylen ported on the hemolysis of human 
red blood cells by and 


thawing. 


freezing 
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Assay of Pyridine Nucleotide Coenzymes 
and Associated Dehydrogenases with 
Phenazine Methosulphate 


Since the original application of phenazine metho- 
sulphate to the assay of soluble suecinie dehydro 
genase by Singer and Kearney’, this useful reagent 
has been increasingly employed as a carrier in a 
number of histochemical techniques*.’. 

Recent announcements of the of the dye 
colorimetrically, coupled to 2 : 6-dichlorophenol indo. 
phenol, for the assay of certain soluble pyridine 
nucleotide-linked enzymes‘, and for the oxidative 
decarboxylation of pyruvate’, prompts the publication 
of a manometric assay method, which has been in 
use in this laboratory for some time, employing 
phenazine methosulphate to measure di- and tri 
phosphopyridine nucleotide-linked dehydrogenases in 
connective tissue. As the method described can be 
used for particulate as well as for soluble dehydro. 
genases a short account of its use is given here. Full 
details of theoretical and practical considerations will 
be reported elsewhere. 

It has been found that the aerobic oxidation of 
reduced pyridine nucleotide coenzymes can be made 
to proceed stoichiometrically via the autoxidation 
of phenazine methosulphate in the Warburg 
apparatus. This is illustrated for the case of reduced 
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uptake 


Oxygen 


t (min.) 


Oxidation of DPNH by phenazine methosulphate, 
ntained 2°45 ml. phosphate buffer, 0-1 
mil. phenazine methosulphate mu 
ml. DPNH (83 per cent by optical v), in side-arm, 
water to l 
it zero time Temperature, 20 


umoles: B, 3-5 wmoles 


(DPNH) in Fig. | 
Experimentally, it applies equally to reduced triphos 
phopyridine nucleotide (TPNH The amount of 
reduced coenzyme originally present in a test sample 
ean be ascertained from the total oxygen consump 
tion, and the fact that one mole of reduced coenzyme 
per 


diphosphopyridine nucleotide 


mole of oxygen participates in the reaction 


Added diaphorase is without effect on either the 


rate or extent of the oxvgen uptake 


100 mgm. dry wt 


- 


nouptaks 


10 
(min.) 


Glucose 6-phosphate dehydrogenase activity in experim 
entally treated rabbit synovial tissue pulp. Warburg flasks 
contained : 1-7 ml. phosphate buffer, 0:1 M, pH 0-1 mi. 
phenazine methosulphate, 10g mm./ml. mi. D-glucose 
6-phosphate (25 mM); 0-2 ml. TPN, 15 mgm./ml.; 0-1 ml. cyanide 
(0-1 M); O2 mil. 10 per cent potassium hydroxide (in centre 
well); 0-5 mil. tissue. A, Complete system; B, minus D-glucose 
6-phosphate. Substrate, TPN and phenazine methosulphate in 
side-arm; tipped after equilibration. Temperature, 37°. Gas 
phase air 


Fig. 2 


ATURE 


From these and other observations it appears that, 
in a Similar fashion, reduction of pyridine nucleotide 
coenzyme also can be followed Dehydrogenase 
activity of a chosen tissue in the presence of suitable 
can be compared with the 
the with or 
without addition of inhibitors. Lately, the dehydro 
genases of both pulped and intact connective tissue 
preparations from the have been 
studied in this manner and, to choose one example, 
Fig. 2 shows the p-glucose 6-phosphate dehydro 
genase activity 


substrate and coenzyme 


endogenous activity of same tissue 


region of joints 


of a pulp-preparation of synovial 
tissue from experimentally treated rabbits. Cyto 
chrome oxidase and catalase, if present, are inhibited 
by use of evanide in the incubation mixture*. This 
extension of the Singer and Kearney method for 
succinic dehydrogenase to pyridine nucleotide-linked 
enzymes may therefore find application in situations 
where, by the nature of the tISSsiLe, optical or colori 
metric assays are precluded. 
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Hormonal Induction of Alkaline Phosphatase 
in Human Cells in Tissue Culture 


DURING an differences between 
established lines of human cells in culture, the alkaline 
phosphatase content was found to vary from high 
wetivity 


investigation of 


in certam epithelial lines to trace or no 

In a 
alkaline 
ed 
Among 
showed 


detectable activity in other epithelial lines 
HeLa lines the v: 
phosphatase Was as 


series of six riation im 
vreat as among coll line 
from other tissues and from different species 
lines of uncloned HeLa cells 
marked alkaline phosphatase activity 
and two showed trace or no activity (Table 1). 

The human origm of the HeLa lines was established 
by their 


the six four 


constitutive 


poliovirus immunological 


properties and chromosomal morphology' 


susceptibility, 


SIX HELA LINES 


Alkaline 
phos 
phiatase 


source of cultures 


Microbiological Associates, 

Hetheada, Md.t 
Merck, Sharpe and Dohme, 

West Point, Pa 
Kline, Philadelphia, 

a.t 
. Ginsberg, Philadel- 
> 
a, a. 

Henke Henle, Philadelphia, 


Levy, 


Marvlandt 


Bethesda, 


* Mgm. of phenolphthalein released by a deoxycholate lysate contain- 
ing two million cells. Incubation with substrate was for 2 br. (ref. 5) 
at 37° ¢ 
+ Furnished by Dr, L. Coriell, Southern New Jersey Research 
Institute, Camden, N.J.,who had propagated,these lines in his labora- 
tory for more than a year. 
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solone, acid phosphatase act 
ivityv remains constant per unit 
of eell nitrogen. On the other 
hand, alkaline phosphatase act 
ivitv of inducible lines in 


creases kedly 


activity 


Table 2 presents the result of 


experiments on three HeLa 
lines. One of these, MBA, has 
constitutive alkaline phosphat 
ase and the two others, Henle 
and NIH. have trace or no 
detectable activity 
erown in medium with added 


sphatase 


pho 


unless 


\ikalineg 


Alkaline phosphatase synthesis is known to be ot 


the inducible type in micro-organisms®, im explants of 
avian and marmrmaljan embrvonie tissue’, and im 
human leucocytes It is of particular interest 
that wtrenal glucocorticoids induce alkaline phos 
phatase activity im embrvonie intestinal epithelium 
of chicks and mice earher than it normally appear 
during development. 

lwo HeLa lines (Henle and NIH) contain trace 
or no detectable alkaline phosphatase unless grown 
in medium contamimng prednisolone (A’ hvydrocort 
isone) 0-5 y/ml In the presence of prednisolone 
these otherwise ‘negative lines developed as much 
one-fourth the alkaline phosphat se) activity 
Either prednisolone 


as 
usual in the other four lines 
hemisuceinate or prednisolone phosphate was equally 
effective as inducer. Most but not all epithelial cell 
lines with high constitutive alkaline phosphatase 
show an increase im enzyme when cultivated in 
medium with added prednisolone We are preparing 


a report on the offects of prednisolone on different 


coll lines. 

In addition to inducing alkaline phosphatase, 
prednisolone has a number of other effeets on human 
It reduces cell multiplication 


epithelial lines 
it causes an increase in epithe 


bv about 40 per cent 
lial cell cytoplasm with almost a doubling of cell 
volume and a 30-50 per cent merease in cell protein 
In epithelial cells grown in the presence of predni 


Table 2 INCREASE IN ALKALINE PHOSPHATASE ACTIVITY OF CELL> 
GROWN WITH PREDNISOLONE ADDED 
j 
Cells (2 10*) ere 


with prednisolo 


Cells (2 « grown | 
without prednisolone 
i 


lines |ments| phos phos- 
phatase® phatase itase® phatase® 


MHA 0-40 
Henle 0-01 
NIH 0-01 


* Vigm. of phen Iphthatein re leased by a deoxycholate lys 

ining 210% cells, Incubation was at 37° C. for 2 hr. (ref 

Total nitrogen in jeaxveholate lysates of two million cells 

Deter ed by micro-Kjeldah! 
Within each experiment the cultures grown with and without 

prednisolone were re} cate Cells grown in medium 199 with 10 per 
ent human seru 
Cells were free of contar ination with pleuropneumonia-like organ- 


sms and no latent viruses could be demonstrated 


prednisolone. W ithin each ex 
periment all cultures were re 
plicate and were handled sim 
ilarly except for the addition 
t prednisolone 0 ml of prednisolone 0-5 ml. to 
wit &-fold with pred 
table ‘constitutive’ 
t prednisolone 
broken line 


the experimental eultures. As 
shown mm Table alkaline 
phosphatase activity is in 
creased in cultures grown in 
medium vith prednisolone 
whereas acid phosphatase not significantly 
altered when expressed on the basis of ell 
nitrogen 

Fig. la shows the results of a representative expert- 
ment with HeLa MBA, which possesses constitutive 
alkaline phosphatase Alkaline phosphatase activity 
s expressed on the basis ot two million eells (solid 
line and left-hand ordinate) and also on the basis of 
cell nitrogen (broken line and nvht-hand ordinate) 
Phe cells grownh in prean solone 
0-5 +'ml. have marked elevation of alkaline phos- 
phatase activity when compared to & replicate culture 
grown in the absence of the hormone. Fig. 1) shows 
an experiment with HeLa NIH, a cell line with no 
detectable alkaline phosphatase when grown in the 
absence of prednisolone. In tact, alkaline phos 
itv of Iwsates prepared from six times 


phatase 
cells Was below the Sersi- 


the usual concentration of 
tivity of our method® (0-01 mgm of phenolphthaleim 
released in 2 hr. at 37° C.). When grown in medium 
containing prednisolone alkaline phosphatase activity 
is easily detected in Hela NIH 

Unlike bacterial alkaline phosphatase* the mam- 
malian cell enzvine is independent of the phosphate 
on concentration in the culture medium Reduction 
of the phosphate medium to 0-04 mM does not 
enhance the alkaline phosphatase content im cell 
lines that contain the enzyme nor does it induce 
alkaline phosphatase m the prednisolone inducible 
negative’ HeLa cells. Increase of phosphate ion 
concentration of the medium to 50 mM does 
not repress prednisolone induction of alkaline phos 
phatase nor does it alter the enzyme activity of cells 

alkaline phosphatase Under 
aptation, the alkaline phosphatase 


activity of prednisolone induced HeLa cells is diluted 


with constitutive 
conditions of de-ad 


by cell multiplication 

Alkaline phosphatase may be induced also in 
certain cultured cell lines bv high concentra- 
tions of organic monophosphates (greater than 
200 ¥ mil.*). 

In summary, & hydrocortisone analogue, predni- 
solone, ean induce alkaline phosphatase activity it 
certain epithelial cell lines m culture. Acid phospha- 
tase is not signifieantly altered. Induction is inde- 
pendent of phosphate ion concentration Under 
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=, 0-16 = 0-004 
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a) 
Fig. } Alkaline phosphatase activity of cultures gt wn with and with Saget 
ia HeLa MBA, an exat le of a strain with ‘constitutive’ activity fist 
ne nductiot HeLa NIH, an exampt f a strain 
ne phosphatase hie levelops activity t prednis ne induction 
with predmis alkaline phosphatase tivity per 2 
alkalit phosphatase activity perv > mat tr 
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Pro- 
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of de adaptation the induced enzyme 
e and is diluted by cell multiplication 
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Intracellular Free Amino-Acids of Certain 
Dermatophytes 

(ne identification and classification of the dermato 
phytes is dependent on macroscopic and microscopic 
morphological characteristics developed during growth 
on standard media. The formulation of biochemical 
tests to assist in identification would he of considerabl 
value. The work of Mattick ef a/.). which showed that 
extracting cells of various species of Lactobacilli with 
10 per cent acetic acid removed a mixture of amino 
acids and peptides from the cells which was charac- 
teristic for each species and constant for strams 
within a species, suggested the application of a 
similar technique for the identification of dermato 
phy te SPeEcios, 

This communication records the findings for 
representative strains of Trichophyton, Epidermo 
phyton and Microsporum species. The results show 
the presence im such extracts of a pattern of free 
amino-acids which is very similar for all organisms 
examined and the absence of any distinctive peptide 
components. It was the latter that Mattick et al. 
found of greatest taxonomic value in the Lactobacill’. 
Thus the results appear to show the pattern of 
cytoplasmic amino-acids in these fungi, which is 
borne out by the fact that other extractants, for 
example, 75 per cent ethanol, dimethylformamide 
and boiling water, known to extract the cytoplasmic 
contents from bacteria and fungi?-*, have given 
extracts containing the same amino-acids. 

It is well recognized that the patterns of the free 
amino-acids present in the cytoplasm of closely 
related micro-organisms show considerable similarity. 
Thus the technique is not of value in identification of 
the organisms; but the results are recorded as 
affording an interesting comparison with similar 
tindings in Aspergillus oryzae*, Aspergillus flavus’, 
Penicillii m chrysogenum® and Newrospora crassa®, and 
as a preliminary to a more detailed examination of 
the amino-acid metabolism of these fungi. 

The organisms were grown on a synthetic medium 
with pL-glutamic acid as nitrogen source. Strains of 
Microsporum canis were grown for 8-10 days at room 
temperature, whereas those of Trichophyton rubrum, 
Trichophyton mentagrophutes, Trichophyton verrucosum 
var. discoides and Epidermophyton floccosum were 
grown for 11-14 days at 30° C. The mycelium was 
colleeted on a sintered glass funnel and washed three 
times with a large volume of distilled water. The 
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last washing was concentrated and examined by 
paper chromatography to ensure that carry-over of 
glutamie acid from the medium was minimal. The 
mvcelium was dried so tar as possible by suction. 
weighed and then extracted by immersion in 10 per 
cent (v/v) acetic acid (Smil. gn mycelium) for 4 hr at 
room temperature The extracts were examined for 
amino-acids by two-dimensional paper chromato 
graphy based on the method of Levy and Chung!® 
Whatman No. 4 chromatography paper (22 * 22 in.) 
Was irrigated in one direction by the organic phase of 
butanol acetic acid- water (4: 1:5 by volume), then 
iried and, except for the strip containing the partial], 
separated amino-acids, sprayed with a borate buffer 
of } H&°3 (prepared from 300 ml. of 0-1 AJ boric acid 
and 60 ml. of 0-1 N sodium hydroxide) and again 
dried. The solvent system for the second dimension 
was prepared by mixing 30 gm. of m-cresol, 15 gm 
phenol and 7-5 ml. of the borate buffer. The amino 
acids were detected by spraying the dried chromato 
grams with the modified ninhydrin spray of Mattick 
et al., drving at 40° C. for about 15 min. and then 
heating at 105° C, for 5 min. Hydrolysis of extracts 
was effected by heating with 6 N hydrochlorie acid 
for IS hr. at 120° ¢ 

The principal amino-acids found and the frequency 
of their occurrence in the extracts are given in 
Table 1. In addition to the amino-acids shown the 
following were occasionally detected as faint spots 
on the chromatograms : cystine, lysine, asparagine, 
valine’methionine, gliveine, leucine'/soleucine and 
threonine 


Table INTRACELLULAR FREE AMINGO-ACIDS OF DERMATOPHYTES 
Figures refer to the number of times each amino-acid occurred) 


" 7 rerru 
7 agro roasum Var, 


canis rubrum phiytes discoides | 


No. of strains 
examined 
Glutamic acid 
(ilutamine 
Aspartic acid 
Alanine 

serine 

Proline 


Growth medium : 130 mgm. DL-glutamie acid, 36 mgm. potassium 
lihydrogen phosphate, 20 mgm. dipotassium hydrogen phosphat: 
200 mgm. D-glucose, 20 mgm. crystalline magnesium sulphate, 140 
agm. crystalline zinc sulphate, 100 ~gm. erystalline calcium chloride. 

mgm. thiamine hydrochloride, | mgm. ¢-inositol and 100 sgm. 
biotin dissolved in 20 ml. glass-distilled water and brought to pH 6-8. 
The inoculum was 1-0 ml, of a homogenate of mycelium grown on 
Sabouraud's broth. 


Hydrolysis eliminated the glutamine spot and led 
to the intensification of a number of spots by the 
hydrolysis of peptides which did not move in the 
solvent systems used ; however, no amino-acids were 
found on hydrolysis which were not also present in 
the free state in the original extract. 

These results show a similarity to those found in 
the other fungi cited here in that the major com- 
ponents of the intracellular free amino-acids are 
aspartic and glutamic acids, glutamine, alanine. 
serine and proline (except in N. crassa). A major 
difference appears to be that the basic amino-acids 
are absent or-only present in minor amounts in the 
dermatophytes, whereas one or more of them are 
present as major components in the other fungi 
listed. Glycine was also present in A. flavus, A. 
oryzae and P. chrysogenum but was only seen occa- 
sionally in the dermatophyte extracts. 
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Table 2 presents the result of 
experiments on three HeLa 
lines. One of these, MBA, has 
constitutive alkaline phosphat 
ase and the two others, Henle 
and NIH. have trace or no 
detectable activity 
in mnedium with added 


activit 


phosphatase 


Od unless 
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Alkaline phosphatase synthesis is known to be of 
the inducible type im micro organisms’, in explants ot 
embryonic and im 
*. It is of particular interest 


avian and mammalan tissue’, 
human liecoevtes 
that adrenal glucocorticoids induce alkaline phos 
phatase aw tivity im embryonic intestinal epithelium 


of chicks and mice earlier than it normally appear 


during development. 

Iwo HeLa lines (Henle and NIH) contain trace 
or no detectable alkaline phosphatase unless grown 
in medium containing prednisolone (A hvdrocort 
isone) O ml In the presence of prednisolone 
these otherwise ‘negative’ lines developed as much 
as one-fourth the alkaline phosphatase activity 
usual in the other four lines Either prednisolone 
hemisuceinate or prednisolone phosphate was equally 
effective as inducer. Most but not all epithelial cell 
lines with high constitutive alkaline phosphatase 
when cultivated in 
We are preparing 


show an increase m enzyme 
medium with added prednisolone 


& report on the offects of prednisolone on different 
cell lines. 

In addition to inducing 
prednisolone has a number of other effects on human 
It reduces cell multiplication 
it CAUSES AN epithe- 


alkaline phosphatase, 
epithelial cell lines 
by about 40 per cent 
lial cell cytoplasm with almost a doubling of cell 
volume and a 30-50 per cent increase in cell protein 
In epithelial cells grown in the presence of predni 


Table 2 INCREASE IN ALKALINE PHOSPHATASR ACTIVITY OF CELLS 
GROWN WITH PREDNISOLONE ADDED 
Cells (2 « 10°) grown Cells (2 « 10°) grown 
No without prednisolone with prednisolone 
Hel ‘ of - 
cell experi-) Alkaline Acid Pre Alkalin Acid Pro- 
lines | ments phos phos- tein phos phos- tein 
phatase® phatase® Nt phatase® phatase® Nt 
MIA 7 0 40 o-o4 
Henle 0-01 0-10 0-05 0-22 OLE 
NIH 7 0-06 ( 5 
*Vigm. of pher iIphthalein re leased by a deoxycholate Ivsate con- 
taining ~« 10° cells Incubation was at 37° C. for 2 hr. (ref 
nitrogen in deoxycholate sates of two million cells 
Detert by mit K jeldah! 
Witt each experiment the cultures grown with and without 
prednisolone were replicate Cella grown in medium 199 with 10 per 
ent! in serum 
of contamination with pleuropneumonia-like organ- 


Cells were free 
and no latent viruses could be demonstrated 


sims 


periment all cultures were re 
plicate and were handled sim 
for the addition 
ot to 
the experimental cultures. As 
shown Table alkaline 
phosphatase activity in 
creased in cultures in 
medium vith prednisolone 
phosphatase not significantly, 
on the cell 


larly except 
it pr prednisolone 0-5 y/ml 


ibout 


ednisolone 


ml 
S-fold with pred 
titutive’ 
it prednisolone 
broken line 


cone 


witl in 
colle rm 


prown 


acid 
when 


whe reas 
altered 
nitrogen 
Fig. la shows the results of a representative experi- 
ment with HeLa MBA, which possesses constitutive 
alkaline phosphatase. Alkaline phosphatase activity 
Is expressed on the basis of two million cells (solid 
line and left-hand ordinate) and also on the basis of 
cell nitrogen (broken line and right-hand ordinate) 
The cells grown in medrumn prean solone 
0-5 +'ml. have marked elevation of alkaline phos- 
phatase activity when compared to a replicate culture 
vrown in the absence of the hormone. Fig. 1) shows 
an experiment with HeLa NIH. a cell line with no 
detectable alkaline phosphatase when grown in the 
absence of prednisolone. In tact, alkaline phos- 
phatase activity of lysates prepared from six times 


expressed basis of 


the usual concentration of cells was below the sensi- 
tivity of our method® (0-01 mgm of phenolphthalein 
released in 2 hr. at 37° C.). When grown in medium 
containing prednisolone alkaline phosphatase activity 
is easily detected in Hela NIH 

Unlike bacterial alkaline phosphatase* the mam- 
malian cell enzyme is independent of the phosphate 
ion concentration in the culture medium. Reduction 
of the phosphate medium to 0-04 mM does not 
enhance the alkaline phosphatase content in cell 
lines that contain the enzyme nor it induce 
alkaline phosphatase m the prednisolone inducible 
HeLa cells. Increase of phosphate ion 
concentration of the medium to 5-0 mM 
not repress prednisolone induction of alkaline phos- 
phatase nor does it alter the enzvme activity of cells 
with constitutive alkaline phosphatase Under 
conditions of de-adaptation, the alkaline phosphatase 
activity of prednisolone-induc ed HeLa cells is diluted 


does 


negative’ 


does 


by cell multiplication 


Alkaline phosphatase may be induced also in 
certain cultured cell lines by high concentra- 
tions of organic monophosphates (greater than 
200 y/ml.*). 

In summary, a hydrocortisone analogue, predni- 


solone, can induce alkaline phosphatase activity im 
certain epithelial cell lines in eulture. Acid phospha- 
tase is not significantly altered. Induction is inde- 


pendent of phosphate ion concentration. Under 
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de-adaptation the induced enzyme 


pears stable and is diluted by cell multiplication. 


Ropy P. Cox* 
(‘OLIN M MacLropt 


Department of Research Medicine, 
University of Pennsylvania School of Medicine, 
Philadk Iphia 4, 

Pennsylvania 


ral Research I 
irtment of Medicine 


Health Postd: 
tress: Dey 


C. M. (in preparation 
Biock Bioph 88, 460 
in Celle, Organism, and Milieu, ed. by D. R 
New York, 195%) 
Follette, J. 
S.. J. Lab. and ¢ 
i Talalay, P., J. 
Pontecorvo. G 


Intracellular Free Amino-Acids of Certain 
Dermatophytes 


Tue identification and classification of the dermato 
phytes is dependent on macroscopic and microscopic 
morphological characteristics developed during growth 
on standard media. The formulation of biochemical 
tests to assist in identification would be of considerable 
value. The work of Mattick et a/.', which showed that 
extracting cells of various species of Lactobacilli with 
10 per cent acetic acid removed a mixture of amino- 
acids and peptides from the cells which was charac 
teristic for each and for 
within a suggested the application of a 
similar technique for the identification of dermato 


species constant strains 


species, 


phyte species, 

This communication records the findings for 
representative strains of Trichophyton, Epidermo 
phuyuton and Microsporum species. The results show 
the presence in such extracts of a pattern of free 
amino-acids which is very similar for all organisms 
examined and the absence of any distinctive peptide 
components. It was the latter that Mattick et al. 
found of greatest taxonomic value in the Lactobacilli’. 
Thus the appear to show the pattern of 
cytoplasmic amino-acids in these fungi, which is 
borne out by the fact that other extractants, for 
example, 75 per cent ethanol, dimethylformamide 
and boiling water, known to extract the cytoplasmic 
contents from bacteria and fungi®-°, have given 
extracts containing the same amino-acids. 

It is well recognized that the patterns of the free 
amino-acids present in the cytoplasm of closely 
related micro-organisms show considerable similarity. 
Thus the technique is not of value in identification of 
the organisms; but the results are recorded as 
affording an interesting comparison with similar 
findings in Aspergillus oryzae*, Aspergillus flavus’, 
Penicilli: m chrysogenum® and Neurospora crassa*, and 
as a preliminary to a more detailed examination of 
the amino-acid metabolism of these fungi. 

The organisms were grown on a synthetic medium 
with pL-glutamic acid as nitrogen source. Strains of 
Microsporum canis were grown for 8-10 days at room 
temperature, whereas those of Trichophyton rubrum, 
Ti hoph jton mentagrophute 3, T? i hoph yton verrucosum 
var. discoides and Epidermophyton floccosum were 
grown for 11-14 days at 30° C. The mycelium was 
collected on a sintered glass funnel and washed three 
times with a large volume of distilled water. The 


results 
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and examined by 
paper chromatography to ensure that carry-over of 
glutamie acid from the The 
mycelium was dried so far as possible by suction, 
weighed and then extracted by immersion in 10 per 
mycelium) for 4 hr. at 
extracts were examined for 
mnino-acids by paper 
graphy based on the method of Levy and Chung'!® 
Whatman No. 4 chromatography paper (22 » 22 in.) 
vas irrigated in one direction by the organic phase of 
butanol water (4: 1:5 by volume), then 
iried and, except for the strip containing the partially 
separated amino-acids, sprayed with a borate buffer 
of } HS8&-3 (prepared from 300 ml. of 0-1 17 borie acid 
and 60 ml. of 0-1 N sodium hydroxide) and again 
dried. The solvent system for the second dimension 
was prepared by mixing 30 gm. of m-cresol, 15 gm 
phenol and 7-5 ml. of the borate buffer. The amino 
acids were detected by spraying the dried chromato 
grams with the modified ninhydrin spray of Mattick 
et al., drving at 40° C. for about 15 min. and then 
105° C. for 5 min. Hydrolysis of extracts 
was effected by heating with 6 N hydrochloric acid 
for I8 hr. at 120° ¢ 

The principal amino-acids found and the frequency 
of their oceurrence in the extracts are given in 
Table 1. In addition to the amino-acids shown the 
following were occasionally detected as faint spots 
on the chromatograms : cystine, lysine, asparagine, 
valine ‘methionine, leucine isoleucine and 
threonine 


last washing Vitis coneentrated 


medi in Was minimal 


( ) acetic acid (5 


The 
two-dimensional 


cent (VV 


room temperature 
chromato 


acetic acid 


heating at 


glyeing, 


Table 1 
Figures 
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canis rubrum 


No. of strains 
examined 
trlutar acid 
(i lutamine 
Aspartic acid 
Alanine 

serine 

Proline 


Growth medium: 130 mgm. DL-glutamiec acid, 36 mgm. potaasium 
lihydrogen phosphate, 20 mgm. dipotassium hydrogen phosphat+ 
200 mgm. D-glucose, 20 mgm. crystalline magnesium sulphate, 140 
crystalline zinc sulphate, 100 crystalline calcium chloride, 
1 mgm. thiamine hydrochloride, 1 mgm. t-inositol and 100 pgm. 
biotin dissolved in 20 ml. glass-distilled water and brought to pH 6-8, 
‘he inoculum was 1-0 ml. of a homogenate of mycelium grown on 
Sabouraud’s broth. 


Hydrolysis eliminated the glutamine spot and led 
to the intensification of a number of spots by the 
hydrolysis of peptides which did not move in the 
solvent systems used ; however, no amino-acids were 
found on hydrolysis which were not also present in 
the free state in the original extract. 

These results show a similarity to those found in 
the other fungi cited here in that the major com. 
ponents of the intracellular free amino-acids are 
aspartic and glutamic glutamine, alanine, 
serine and proline (except in N. crassa). A major 
difference appears to be that the basic amino-acids 
are absent or-only present in minor amounts in the 
dermatophytes, whereas one or more of them are 
present as major components in the other fungi 
listed. Glycine was also present in A. flavus, A. 
oryzae and P. chrysogenum but was only seen occa- 
sionally in the dermatophyte extracts. 
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A New Fatty Acid from Royal Jelly 


Ir has been shown by Butler, Callow and Johnston 


home 1; mell fered) 


that queen 
which affects 


the development of ovaries in workers and influencing 


aterial bees in two ways, inhibiting 


inhibiting Callow 


clotermined 


their behaviour by queen rearing 
and Johnston? have that the 
principle in the material is 9-oxodec-2-enoie acid It 


active 


s referred to as ‘queen substance’. 

The structural relationship this 
queen substance’ and ‘royal jelly acid’, L0-hydroxy 
in royal jelly, would 


close bet ween 
dec-2-cnoie, found abundantly 
lewd one to assume that the latter is a precursor of 
the former. Moreover, it 
predict that 9-hydroxvdec-2-enoic acid might be an 
intermediate, and possibly occur in small amounts in 


would seem reasonable to 


royal jelly. 

We observed that 
isolated from royal jelly by the procedure described 
by Brown and Freure®, gives a weak iodoform reaction 
test for the carbonvl function with 2.4 
dinitrophenylhydrazine Oxidation of this acid 
mixture with aqueous chromic acid gave a product 
which, on treatment with aqueous 2,4-dinitropheny! 
vielded a 
This derivative has an 


the carboxylic acid mixture, 


but no 


hydrazine reagent, small amount of a 
2,4-dinitrophenylhydrazone 
infra-red absorption spectrum identical with that of 
the 2,4-dinitrophenylhydrazone of 9-oxodec-2-enoic 
acid 

Thus it appears that 9-hydroxydec-2-enoie acid is 


in minute amounts. A more 


present in royal jelly 
detailed account of the investigation will be published 
later 

Authentic samples of 9-oxodec-2-enoic acid and its 
2,4-dinitrophenylhydrazone were supplied by Dr. 
R. K. Callow and Miss Norah C. Johnston, for which 
we are grateful 
Brown 
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Oscillatory Flow in a Fluid-filled Elastic 
System 


THERE is a pronounced tendency for a fluid-filled 
elastic tube to oscillate when the fluid is caused to 
flow by asmall head of pressure. This may be demon 
strated with a model (Fig. 1) which stems from a new 
theory of the action of the heart, published by me 

Water flows from the tap into a reservoir where a 
constant level is maintained, then down a rigid tube 
connected at the lower end to a rubber tube Ilving 
horizontally on a small platforn The distal end of 
the rubber tube ts connected to a short 
rigid tubing, through the other end of which fluid is 
allowed to escape freely into the sink. Provision is 
height of the f 


le ngth of 


wde to vary the reservoir and of the 


out le 

Arranged parallel to the 
on which three sprmgs are mounted which can be 
moved at will. These are of 
around the bar and secured at one end by a 
The other end of each is drawn out a straight 


platform is a metal bar 


mild steel, twisted 

larry 
into 
extension that presse Ss ayainst the rubber tube, with a 


approximately, 


force equivalent toa weight ot gin 


the tension being adjusted by twisting the spiral part 
of the spring with the clamp. 

Latex tubing is emploved (0-7 em. im diameter) 
with a volume pressure curve almost linear up to a 
of water. <A suitable length, to 
the reservoir beimg set im 


below, the level of the 


pressure of 150 em 
start with, is 97 em., 
above, and the outflow 4 em. 
platform. 

The position and pressure of the springs are adjusted 
until maximum oscillation occurs, when each is found 
to be at a critical distance from the distal end of the 
tube. A water hammer 
with momontary interruption and even regurgitation 
of flow A sharp sound is heard at each pulse, 


now develops, associated 


Fig. 1. The oscillator 
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audible at a distance of half a metre when the springs 
are correctly arranged. To facilitate the adjustment, 
the sound is detected with the aid of a microphone 
the back 
Sounds are generated at the site of each spring but 
the loudest occur at the site of the distal end 

Viscous drag 


which is seen to the right of the model, at 


Oscillation is explaimed as follows : 
of the fluid in contact with the elastic wall produces 
waves which are reflected from the distal end of the 
tube: flow being slowed by the distal spring, station 
ary waves develop upstream where the flow velocity 
corresponds to the wave length 

Phe stationary waves are of two types, long of some 
73 and short of about 1°5 
and capillary 
and pressure become 90 deg. out of phase nha manner 
that of the and 
Waves ariso in an electrical 
result of retlexion from a short-circuited 
The two proximal springs locate adjacent anti 
nodes of the system of longer waves, giving the half 
The corresponding quarter wave-length 
the middle and 
but, owing to the development ot 
short the distal end, the distal spring 
determines the site of a pseudo-stationary node about 
1-5 em. from the end of the tube ; 

When stationary wave motion is established, either 
of the two proximal springs, by altering the cross 
sectional area of the tube, produces velocity modula 
The distal spring affects density 
modulation and, resonating. gains energy from the 
stream Part of the 
which drives the proximal spring 

By altering the height of the reservoir and that of 
the outlet, differing frequencies of oscillation are 
obtained, as also by regulation of the pressure of the 
madividual springs. In the case of the distal spring 
the closer the point of application to the end of the 
tube, the higher the frequeney and conversely. 
Harmonies occur, a variety of modes of oscillation 
and occasionally a mode jump. 

\ “T’-piece is introduced into the proximal segment 
of the elastic tube at the site of a node, the side 
branch communicating with a further piece of rubber 
tubing 20 em. in length, the other end of which is 
closed with a piston. Adjustment of the position 
of the piston enables the device to be used as a quarter- 
wave matching stub, to suppress stationary waves 
at the inflow which otherwise interfere with the 
motion of the proximal spring. 

The model, which will oscillate when filled with 
blood instead of water, demonstrates that stationary 
waves, in the centimetre range, readily arise in fluid- 
tilled elastic tubes at physiological pressure. That 
oscillation is obtained from a stream maintained in 
flow by a pressure, initially constant, raises the 
question as to whether the peripheral pulse is devel- 
oped from the static pressure of the blood in the great 
vessels and not from the heart wave. 

Further work on this is proceeding. 

Thanks are due to the Postgraduate Medical School 
of London, in particular to Prof. Jan Aird and Mr. 
W. J. Dempster, for research facilities in the Experi- 
mental Surgical Unit. also to Dr. D. G. Melrose for 
loan of equipment. 
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Response of Thymus to Increase of 
Intake of Sodium Chloride 


Ir is a well-known fact that the metabolism of the 
body fluids and electrolytes is closely connected with 
[ have examined 
balance 


all metabolic processes in tissues. 
the significance of the changes in 
for the activity of the lymphatic tissue of the thymus. 
Adrenalectomized were used (Wistar, males, 
average weight of each group 190 222 gm.): (1) 
treated with deoxycorticosterone acetate (DCA), 
2 mgm. intramuscularly per rat daily, and supplied 
with tap water; (2) treated with the same doses of 
DCA and supplied with 
Treatment with DCA 
adrenalectomy and later after 24 and 48 hr. respec 
tively. 72 hr. after adrenalectomy the rats were 
killed by decapitation. The thymus was weighed and 
the Ivmphocytes of thymus were counted. At the 
(m. quadriceps femoris 


sodium 


rats 


isotonic saline solution 


started immediately after 


same time a part of muscle 
Was removed for electroly te analy sis. The Specimens 
of the muscle were dried, defatted, and the potassium 
and sodium content was determined by flame photo 
metry and expressed in millequivalents of ions per 
100 gm. of fat-free dried material 

The analysis of the electrolyte concentration of 
the muscle has shown that the animals of the group 
treated with DCA and supplied with tap water 
maintain a relative balance in electrolytic propor- 
tions (intact control rats: potassium, 46-0 m.equiv. 
100 gm sodium, 10-5 m.equiv./100 gm.). Animals 
treated with DCA and salitie have shown an increased 
retention of soditum which is demonstrated by a lower 
and corresponding 
increase of sodium in muscle. It is a well-known fact 
that sodium chloride stimulates the excretion of 
potassium in animals treated with DCA (ref. 1). 

Table 1 shows that the animals treated with DCA 
and saline have an enlarged thymus. An increase in 
the average weight of the thymus is conditioned 
by an increase in the number of cells. The mean 
weight of the thymus of animals treated only with 
DCA does not differ from the mean weight of the 
thymus of intact control animals of the same body- 
weight (7-13, mean thymus weight : 180 mgm.) 


concentration of potassium 


Tabk 


Mean 
Treat ean wi thymus 
ment weight 


(mgm 


Muscle electrolytes 
(m.equiv./100 
N k Na 


DCA 
DCA 
Natl 


® Statistical significant differences between both groups (P 0-01), 
+ In parentheses, number of rats used 

The experiments have shown that the thymus of 
adrenalec.omized animals reacts to stimuli produced 
by an imbalance in the electrolytes of the internal 
environment (increase of sodium intake) by mtensified 
activity. The mechanism of this action is not clear. 
We may assume both direct and imdirect influence. 
It is known that the maintenance of ion concentration 
gradients requires energy. The hyper- 
function of the thymus tissue may perhaps be an 
expression of increased metabolic efforts to maintain 
the homeostasis of the internal environment. My 
results indicate that the electrolyte metabolism has 


metabolic 
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Determination of Physiological Rhythms 
of Unrestrained Animals by Radio 
Telemetry 
THE results of 24-hr. 
trequently influenced by 
presence of an observer and the measuring equipment 


asurements are 
to the 


rhythm 
perturbations due 


These perturbations can be minimized if the desired 
physiological data are obtained by radio tele 
metry'*. The transmitter carried by the animal 
should be characterized by small size, long battery 
life, and sufficient range for unrestrained movements 
Several transmitters with these design goals were 
constructed successfully and used to relay tempera 
ture and heart-rate information to a distant observer 

The transmitters contain a basic oscillator which 
8 trequency-modulated by a voltage proportional to 
the phenomenon measured. For a description of the 
The frequency of each temperature 
transmitter 1s part by the intrinsie 
dependence on temperature of the transistor in the 
and voltage derived from a 
thermistor half-bridge circuit. The transmitter is 
built around the antenna, which is a ferrite core 
rhe life of the 75 MAH mereury cell in this circuit 
exceeds 200 days. The frequency of the E.K.G. 
transmitter 1s controlled by amplified potentials de- 
rived from the heart. Additional circuitry is needed 
for amplification ; this increases power consumption 
and reduces battery life to about forty days. Units 
with more batteries have a longer life. Both the 
temperature and the E.K.G. units are suitable for 
surgical implantation provided a non-toxic covering 
18 used, In these experuments temperature trans- 
mitters were hermetically sealed in cases machined 
from nylon rod. The temperature 
sensitive elements covered 
with the tip from a finger of a latex 


design, see ref. 3. 
controlled in 


oscillator also by a 


were 


surgical glove, although they could 
be designed to protrude into a por 
tion of a nylon shell Seals be 
tween the latex finger tip and the 
nylon case were made successfully 
by wrapping and tying with nylon 
suture, No toxic reactions 
noted when a unit prepared in this 
manner was implanted in a dog. 
Ref. 3 describes the pretreatment 
required before implantation. 

In a series of short experiments 
24-hr. rhythms (circadian rhythms) 
of heart-rates for a dog, a cat and 
a rabbit In each 
case the animal was trained to wear 
a harness on which the trans- 
mitter was mounted. The input 
leads to the- transmitter were con- 
nected to tantalum electrodes which 


were 


were obtained 


were implanted surgically weeks in 


advance. 
in subdermally 


The electrodes were put Fig. 2 


over the right 
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Experiment) 


HUMAN (2 «oy 


doy Experiment), 


CAT 


3 doy Experiment ) 


RABBIT 3 doy Experiment 


8 2 + 
Fig. i. 24-hr. periodicity in heart-rates of man and three lab- 
ratory animals A Fourier series approxim m Was used for 
urve smoothing Original data for tt dog are included 
scapula and on the dorsal mid-line near the first 


jumbar vertebra, a position favouring the detection 
of heart-potentials. Fourier analysis of the data was 
made in order that the 24-hr. periodicity could be 
expressed quantitatively in the form 


sin(30¢ + 6,) 4 
C', sini + 0,)) 


F(t) = Cy[l + C, sin(15¢ + 6,) 


One may think of this Fourier series as a curve of 
best fit for the given frequency components. The 


Fourier series approximation, which is uniquely 


Dorsal-ventral (left) and right to left lateral (right) roentgenographs showing 


position of the temperature transmitter in the dog 
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applicable to repetitive phenomena, is analogous to 
the wth order polynomial of best fit frequentiv used 
1) statistical analysis. The 3-day average heart-rate 
ot a dog is shown in addition to the Fourier series 
approximation (Fig. 1). In each analysis the average 
value (¢ frequency components were 
ised Note that the centre of the period of lowest 
heart-rates for man occurs at 3 a.m., and this time 
for the dog. 6 a.m. for the cat, 


These experiments wert 


) plus eight 


progresses to 5 a.m 
and & a.m. for the rabbit 
conducted when the human subject and the experim 
ental were isolated in an insulated, quiet 
chamber with a 12-hr. light eycle (6 a.m.—6 p.m.) 
Data recorded outside the chamber fron 
signals picked up by an antenna 

Simultaneous body temperatures and heart-rates 
of the dog were also recorded to study the inter- 
The technique for 
experiment In) 
a harness 


animals 


were 


dependence of these variables. 
measuring heart-rates this 
described, but with the animal 
A temperature transmitter put in retroper! 
toneally immediately caudal to the right kidney 
(Fig. 2) A 12-day recovery period was allowed 
before the experiment was The resulting 
data (Fig. 3) indicate a close correlation between the 


two variables 


wearing 


was 


begun 


Fig. 3. Fourier series approximation of 24-hr. periodicity in 
» temperatures and heart-rates of a dog. The original data 
were obtained during a 24-hr. experiment 


Che data presented here support previous concepts 
of the day-night heart-rate characteristics of human 
rabbits. In addition, a very 
between 

These 
pilot experiments, which tested the radio telemetry 
technique for measuring temperature and heart-rate 
over extended periods of time, justify additional 
duration involving more 


beings, dogs, cats and 
close correlation has 


heart-rate and core temperature in the dog 


been shown to exist 


experiments of longer 
animals. 
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Effect of Dexamethasone on the Phagocytic 
Activity of the Reticulo-Endothelial 
System 


Iv has heen re ported pres iously ' that cortisone, 
predn sone and prednisolone are strong depressant s 
of the reticulo-endothelial system. The mechanism 
by which cortisone lowers the body defences has 
been shown by Nicol et al. to be due to depression 
of the phagocytic activity of the retieulo-endothelia! 
eystem. the total and differential white cell counts 
n the blood. and the gamma globulin-level in the 
serum. It has also been shown that after cortisone 
treatment is stopped, the depressant action of the 
corti-one can be reversed? and converted into one 
diethylstilbeestro! 
are 


of moderate stimulation — by 
However, if cortisone and diethy|stilboest rol 
administered separately, but at the same time, the 
depressant action of cortisone is prevented and 
considerable stimulation of phagocytic activity occurs 
The present research was carried out to ascertain 
the effect of dexamethasone phosphate on the phago 
eytie activity of the reticulo-endothelial system and 
compare it with the effects of cortisone acetate, 
prednisone and prednisolone previously reported?. 
The present experiments were made on 20 male 
white mice (7.0. Swiss strain) of 20-25 gm. body 
weight. Ten of the animals each received 0-5 mgm. 
dexamethasone phosphate in aqueous solution sub- 
cutaneously, onee daily, for 6 days. On the eighth 
dav after the commencement of the treatment, the 
phagocytic activity was measured by the rate of dis 
appearance of a known amount of specially prepared 
carbon from the the procedur 
which we previous 


munications! 


circulating blood? ; 
used is that dé@seribed in coui- 
‘and the total body phagocyt ic activity 
is denoted by the symbol iw 
treatment and in 


or phagoecvtie index 
Ten control animals 
these the phagocytic activity was also measured by 
the carbon method 

After the assessment of the phagocytic activity, 
blood counts were made in all the animals, which were 
then killed and the weights of the liver and spleen 
determined 

The results show that in the mouse the phagocytic 
20) is depressed 


received no 


index in the control animals (K 
by dexamethasone (A 9), compared with cortisone 
(Kk 7). prednisone (K 8) and prednisolone 
(Kk s In the animals treated with dexametha 
no change was found in the weights of the liver 
and in the blood, the total red cell count 
was normal, the circulating lymphocytes were 
reduced from a control-level of 5,000 to 1,900 per 
the polymorphs increased from 1,400 to 
and the remained 
unaltered in number feduction in the number of 
Ivmphoevtes was also found in guinea pigs treated 
with cortisone®, but during the first week of treatment 
the polymorphs became reduced in number, then 


sone, 


or spleen : 


eu mimh., 


2.500 per cu. mm. monocytes 


inereased during the second week. 

The therapeutic dose of dexamethasone is stated to 
he 5-7 times less than that of prednisone or predniso 
lone; and clinically, it is 28 times more potent than 
hydrocortisone and about 35 times more potent than 
cortisone. 

The present results show that dexamethasone 
phosphate, like cortisone acetate, prednisone and 
prednisolone, is a strong depressant of phagocytic 
activity, but, although it is much more potent clinically 
than cortisone, its depressant effect on the reticulo 
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endothelial system is of no greater magnitude than 
that of the other corticosteroids at present im use 

In these researches we gratefully acknowledge a 
vift of Messrs. Merck, Sharp 
and Dohrn from the Medical 
Research Couneil 


dexamethasone from 


and financial assistance 
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Effect of Hamophagin on the Phagocytic 
Activity of the Reticulo-Endothelial System 


H 2MOPHAGIN is produced at the Austrian Institute 
for Hwmoderivatives, Vienna, by a special catalytic 
method blood of donors. It is 
stated to merense formation against various 


from the normal 
antil ody 
bacterial antigens and also to cause increased phago 
intra 
after 


and it os intramuscularly or 


there is 


riven 


venously when danger of infection 
operation or injury 

It is generally 
endothelial 
body against 


the functions of the 


reticulo 
system if an of the 
infection, and extensive researches on 
reticulo-endothelial svstem have 
We have previously shown! 


that the 
defence 


acknow ledged 
iniportant 


recently been reported 
that the active o strogens are strong stimulants of the 
and 
that 
Quinea 
raised to 
in addition, both 


reticulo-endothelial phagocytes ; unpublished 


results in our laboratory also show when the 


reticulo-endothelial system of the 
stimulated the 


twice the normal level, and, 


pig ts 


serum garmma-globulin os 
about 
mice and guinea pigs are protected against virulent 
therefore that when 


substances are being used to combat 


infeet ions. It seers rational 
antibacterial 
infection the reticulo-endothelial svstem should at the 
same the body defence: 
The o-strogens may be used for this purpose but most 
of them have 
this, extensive research is being conducted to find. 


if possible, a stimulant 


time be stimulated to raise 


undesirable side-effects In view of 


strong reticulo-endothelial 
without costrogenic effects In these circumstances 
we have been interested in testing the claimed action 
of hemophagin by our experimental methods. 
Fifty male mice (TO of 20 
25 gm. body-weight were used for this investigation 
Ten of the animals each received 1/40 of the human 
dose of hemophagin once dailv intramuscularly for 
i} days and a second group of ten received half the 
dose for the same period. On the eighth day the 
phagocytic activity was measured in each animal by 


white Swiss strain) 


the rate of disappearance of a known amount of 


specially prepared carbon from the circulating blood’, 
the procedure used being that described in previous 
communications?" and the total body phagocytic 
activity or phagocytic index being denoted by the 
symbol K. Thirty of the were used as 
controls. Ten control animals received no treatment ; 
ten received diethylstilbastrol 0-1 mgm. once daily 
subcutaneously for 6 days; and ten received tri-p 


animals 


April 1961 


anisylchloroethylene 1-0 mgm. once daily orally for 


6 days. The phagocytic activity was also measured 
in the control groups by the carbon method, which 
was carried out on the eighth day in those treater 
with diethylstilbcestrol and tri-p-anisylchloroethylene. 
After the activity blood 
counts were made in all the animals ; they were then 
killed and the the liver 
determined 

The the untreated 
control animals the total phagocytic index (AK value 
was 16 2, while in the control groups given diethy! 
stilbeestrol and 


of phage 


“assessinent 


weights of and spleen 


results were as follows: In 


tri-p-anisylchloroethylene the A 
values were 75 and 83 respectively In the 
which received a daily dose of 1/40 of the 
hemophagin the valu 
and in which claily 
of the human dose the A value was 13 I 
In the blood of the hemophagin treated 

no change was found in the cell 
When the dose of haemophagin was 1 40 of the human 
dose, the total white cell count increased from a con 
trol level of to per cu.mim., the increase 
ere 


anunals 
human 
was 19 2 


dose of S80 


dose of 
those received a 


total red count 


being due to imerease in the number otf lating 


ly mphocytes from 6.000 to per when 
the dose of hwemophagin was 1/80 of the human dose 
the cell 
limits 

The that 
little or no effect on the phagocytic activity of the 
and that its 


total white count remamed within normal 


above results su hemophagin has 


reticulo-endothelial system of mice 
action may be related to its 
cells of the blood. 

We gratefully acknowledge tinancial 


from the Medical Research Couneil 
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Incorporation of Palmitic-!-'*C Acid into 
Blood Cells 
Ehrlich 


absorb palmit 


BSC 


acid 


Ir has been shown that mouse 
tumour cells in vitro readily 
and use it as an energy source and for synthesis of 
other lipids'. Although this has not been demon- 
strated for blood cells, it has been reported by several 
investigators that these cells are able to synthesize 
lipids from acetate?->. 

The present investigation concerns the imcorpora- 
tion of palmitic acid-1-“C into the lipids of blood 
cells during incubation. 

To 150 ml. of fresh human blood was added 37-5 mil. 
of A.C.D. solution (1°32 per cent sodium citrate, 
0-48 per cent hydrous citric acid, 1:47 per 
dextrose). After centrifugation at 900g for 15 min.., 
50 ml. of the plasma was removed and shaken for 
5 min. with 9-5 ml. of potassium palmitate-1-"C 
solution. (This solution contained 3 mgm. of palmitic 


cent 


We 
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acod-1-4C dissolved in 9-5 mi. of 0-01 M potassium 
hydroxide with a total radioactivity of 35,112 ¢.p.s.) 
rhe plasma-palmitate mixture was added to the 
blood cells and remainder of the plasma. Fifteen-ml 
samples of this suspension were then incubated with 
slight shaking at 37 ©. in an atmosphere of 5 per cent 
carbon dioxide air and in the presence of 1,000 units 
sample of both penicillin and streptomycin 
the incubations were carried out in the 
of 72y ot 200y at ethy lene 
diamine tetraacetic acid (added as the sodium salt) 
per ml. of suspension. After 8 hr. the cells 
separated and freed from the plasma and the lipids 
of both were extracted by the method of Delsal®. 
fotal radioactivity was measured in a flow counter 
(Nuclear Instruments and Chemical Corporation 
1)-47 Micromil Flow Counter Total 
separated by silicic acid chromatography 
fractions (cholesterol trighvcerides, 
sterol, diglycerides. 
lipids) using a modification (1. 5, 


per 
Some of 
prese mee or 


were 


lipids were 
into SiN 
esters, chole 
monoglycerides and phospho- 
10 and 25 per cent 
ether im petroleum ether, ether and methanol) of 
the method deseribed pre viously! 

The first 3 fractions were purified by 
through a short alumina column to remove free fatty 
and the radioactivity of each fraction was 


measured by the direct plating technique of Enten 


passage 
acids’ 


man et al.*. 

Under the conditions of the present 
at least 10 per cent of the total radioactivity of 
aided palmitic acid was recovered in the blood cells. 
The radioactivity was found largely in the triglyceride, 
cholesterol and phospholipid fractions. 

In general the glyceride fractions had the highest 
specific activity although the greatest percentage 
(more than one-half) of the total activity was in the 
phospholipid fraction. No significant amount of 
radioactivity was found in the cholesterol ester 
fractions. Some evidence was obtained indicating 
that in the presence of ethylenediamine tetraacetic 
acid and oestrone the distribution of the radioactivity 
among the different lipids was altered. 

These results will be discussed im preater detail ina 


experiment, 


subsequent communication. 
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and the University of California. 
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Effect of Castration on Experimental 
Liver Lesion in Iguana iguana 


To gain an impression of the development of the 
hormones produced by the ovary in the liver ot 
[quana iguana in 30 castrated and 30 mature females 
a liver lesion was effected by means of the carbon 
tetrachloride method of Kaufmann. Afterwards the 
animals observed for 70 days, the deaths 
occurring during this period being recorded. Just 
the rat'*, deaths began immediately in the 
mature group, most animals succumbing in the third 


were 
“us in 


week 

In the group of the castrated animals no losses were 
suffered in the first few Deaths occurred not 
before the fourth week with a maximum in the fifth 
In a period of 70 days, 24 of the 30 mature 
died and onlv 10 of the 30) castrated 

his difference the 
death-rates of the two groups suggests that castration 


weeks, 


week. 

animals 
animals. significant between 
is capable of exerting a protective action in he 
and that the hormones 
development 


experimental liver lesion 
provided by the ovary 
poorly in the mature than in the castrated animals. 
This is also suggested by observations that in the 
case of an equal degree of liver lesion the castrated 
animals tolerate better the load of experimentally 
adnmunistered ovarian extract and evidently the in 
jected animals develop more rapidly than the mature 


reach more 


animals. 

These results are in good ayreement with the data 
obtained in the rat'*, and therefore have a certain 
general significance. Obviously, the no longer normal 
liver is seriously damaged by the hormones produced 
by the ovary, so that the mature animals perish more 
rapidly and in larger Y after liver 
When the source of these hormones is eliminated by 
castration. the liver can to a considerable extent be 


numbers lesions 


relieved, through which the progress of the disease 
is prevented. 
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HAMATOLOGY 


Absence of Abnormal Hemoglobins in 
Colombian Tunebo Indians 


AN examination by paper electrophoresis has been 
earried out of hemoglobin from 100 Tunebo Indians 
from the Santa Librada Mission located at San Luis 
de Chuseal (Department of Santander, Colombia) 
This tribe, whom historical and anthropological 
references consider to be a branch of the large 
Chibecha Indian group, consists of approximately 
2,000 inhabitants spread over 22 small communities 
along the Rivers Suisiga, Cobaria and Cobugén. 
tributaries of the River Arauca, situated on the eastern 
slopes of the Sierra Nevada de Cocuy, between lat. 
6° 15’ and 7° 10’ N., and long. 71° 50’ and 72° 20’ W. 
All the individuals studied were adults, apparently 
normal. Both sexes were proportionally represented 
and the blood was drawn only from subjects not 
closely related. 
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The hemoglobin Dral 
without the use of aluminium chloride 
earried out in a tank 


sheets of 46-5 em 21-0 


solution was prepared by 
ethod 
Paper ¢ lex trophoresis was 
permutting the isc of two 
resting on two glass rods, on an 
nelined plane at 45° with the anode facing the higher 
The size of the sheets facilitated comparing the 
seven different This 


method is somewhat similar to that used by Gordon 


en filter paper 
end 
relative migration of samples 

/.* for serum proteins 

All the samples examined 
with the same mobility as hwmoglobin A, 
that no abnormal hemoglobin could be detected by 
this method in the Tunebo Indians 

This work, which is apparently the first of its kind 
ever conducted on a Colombian population, confirms 
that American Indians 
lack hwemovlobins. or the frequency of 
occurrence of such hemoglobins is verv low In spite 
who repre- 


showed a single 


indieating 


Sport 


previous assumptions® either 


abnorma! 
of the relatively few subjects examined, 
sent but 5 per cent of the whole tribe, the results 
obtained indicate that either the stimuli 
which in other continents are presumed to have led 


seem to 


to the production of abnormal hemoglobins have not 
operative Mongoloid branch on the 
\merican continent. or the whole Indian stock has 
enough ‘resistance’ not to undergo these mutations 

It is interesting to note, in this respect, that the 


heen in this 


ecological conditions in which these Indians live stil! 
a high incidence of malaria. By combining 
the results obtained in the present work with results 
tound for Venezuelan Indians inhabiting malarial 
vones', it mav be concluded that although the sickle 
eoll trait confers a certain resistance to malaria, as 
shown by Allison, the mutation leading to the pro 
luction of haemoglobin S is apparently not produced 
by malaria. As a matter of fact, this phenomenon 
has not yet been observed in pure South American 


permit 


Indians 

We thank Dr. Miguel Lavrisse, of the 
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Wilbert, of the Fundacién Cientiffica La Salle, for the 
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Bohr Effect in the Hemoglobins of 
Marine Mammals 

VERTEBRATE blood hemoglobins discharge protons 
on oxygenation. This is part of the Bohr effect’. 
tecent has shown that in hemoglobins from 
a variety of terrestrial mammals ranging in size from 
mouse to elephant the smaller the animal the greater 
s the sensitivity of its haemoglobin to changes in 
pH. Thus elephant discharges only 
about 1-5 protons during oxygenation while mouse 
hemoglobin discharges about 3-8. An approximate 
inverse linear relation exists between the number of 
protons discharged by the hemoglobin during oxygen- 
ation and the logarithm of the bodyv-weight of the 
the haemoglobin comes: one 


hemoglobin 


animal from which 
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additional proton discharged corresponds to a decrease 
n body The extra- 
polat on of this relationship to the weights of large 


weight by a factor of about 300 


whales suggested that whales might possess hemo 
cvlobins with either a zero or small Bohr effect. 

I have examined the hemoglob ns of the 
humpback whale (Meqgaptera nodosa), pilot whale 
(Globicephala and harbour porpoise 
(Phocaena phocaena), and tind that the relation between 
the Bohr effect and body-weight existing among 
terrestrial mammals does not appear, so far, to extend 


now 


ascommonie), 


to marine forms 
All blood samples were treated immed ately with 
0-1 vol. of 0-5 per cent sodium citrate and placed on 
ice. The preparation of the hemoglobins was ident i- 
cal with that previously deseribed*. The washed 
cells were lysed with distilled water and the hamoly- 
sate then dialysed versus glass-distilled water for 15 
hr. Cellular debris was removed by high-speed centri- 
fugation. The oxygen equilibrium was determined as 
previously deseribed in 0-1 M potassium phosphate 
buffer at various pH values between 7-0 and 7:6 at 
35° C4. The hemoglobin concentrations were 1-4 
10-3 M (whale), 0-9 x 10°* M (porpoise), and 0-6 
10-3 M (pilot whale) on the basis of oxygen capacity 
measurement and assuming 4 molecules of oxygen 
per mole hemoglobin. All measurements were made 
within 72 hr. of the original drawing of the blood. 
The results of these are given in 
Table 1. The porpoise and pilot whale have hemo- 
globins with identical Bohr effects, about 0°52, 
A log Po 
A pH 
has an over-all oxygen affinity 38 per cent lower than 
whale hemoglobin. In contrast, humpback 
whale hemoglobin Bohr effect. 
log Bohr effect 
A pH 
and the oxygen affinity are almost identical with 
those previously found for guinea pig hemoglobin® 
Large whales are known to be able to remain sub 
merged for at least | hr.4. It appears that the large 
Bohr effect may be a homeostatic molecular adapta 
tion facilitating diving for long periods. It would 
augment the physiological adaptations already 
known: the tolerance of high carbon dioxide con- 
centration, the large blood volume, the high haemo 
globin concentration, the high concentration of 
myoglobin in the muscles, and low lung volume? 
A large Bohr effect would enable the blood to absorb 
carbon dioxide with a smaller drop in blood 
pH than would otherwise be possible. Similarly, a 
Bohr effect should facilitate the discharge 
accumulated carbon dioxide when the animal 


measurements 


expressed as , although porpoise hemoglobin 


pilot 


possesses a large 


’ being about 0-82. Both the 


more 


large 
of the 
surfaces 

The lower Bohr effect in pilot whale and porpoise 
hemoglobins presumably reflects their predomin- 
antly surface behaviour. Although the humpback 
whale is also a surface feeder, it can dive for much 
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longer periods than either the porpoise or the pilot 
whale. Observations by Dr. Kenneth 8S. Norris 
private Communication) indicate that the averag: 
diving time of pilot whales is less than 3 min., and 
than 5 min. Similarly, the harbour 
porpoise seldom dives for more than a few munutes. 
humpback whale, known to be 
has a hemoglobin with a large 
and harbour 


seldom more 

In summary, the 
capable of long dives, 
Bohr effect, while the pilot 
porpoise apparently do not dive for as long per ods 
and have blood hawmoglobins with much smaller 
identical Bohr effects 

Humpback whale hemoglobin was obtained from 
en adult male, estimated weight 41,000 kgm., within 
12 hr. after the death of the animal. Pilot’ whale 
blood was obtained by syringe from the counter 
current vessels of the flukes of a 12-ft. male weighing 
about 680 kgm. Porpoise blood was obtained by 
syringe immediately catching a harpooned 
animal weighing about 90 kgm. 

I wish to express thanks to Mr. Charles and Gacton 
Caito of the Del Monte Fishing Co., San Francisco ; 
to Dr. Kenneth S. Norris, of Marineland of the 
Pacific, California: and to Dr. William McFarland, 
of the Institute of Marine Science, Port Aransas, 
Texas, for invaluable assistance in obta‘n'ng the 
blood samples. I wish to thank Mrs. Marilyn G. 
Wells for assistance im carrying out the 
measurements. The work was supported in part 
by a grant from the National Science Foundation. 
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Leptospira-agglutinating Factors in Turtle 
Sera 

In our epidemiological research on the carriership 
of pathogenic Leptospira among wild animals in 
Israel, 58 swamp turtles (Clemmus caspica) of various 
ages originating from twelve different regions of the 
country were investigated for the 
agglutinins. Serum were carried out 
13 serotypes of Leptospira (L. icterohaemorrhagiae, 
canicola, grippotyphosa, pomona, hebdomadis, sejroe, 
Rachmat, batarviae, hyos, 
ballum, pot and mini Szwajizak). With 11 of these 
strains no reaction was observed. However, all sera 
showed highly significant titres in the agglutination 
test with 1. ballnm, both the ‘complete’ (Castellon) 
strain and the ‘incomplete’ (S 102) strain. (Three 
sera reacted with titre 250, two with titre 500, seven 
with titre 1.000, fourteen with titre 2.000, fourteen 
with titre 4.000, twelve with titre 8,000, three with 
titre 16.000 with titre 32,000.) Besides 
agglutinins, Ivsins were also demonstrated. In 
fifteen sera low were also found for L. hyos 
(eight up to 50, five up to 100, three up to 250), the 
remaining sera showing no agglutination with this 
serotype. Negative results were obtained too with 
L. tcterohaemorragiae ‘incompleta’ and L. sarmin/, 
which have some antigenical relationship with L. 
ballum. 
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None of the turtle sera agglutinated four out of five 
saprophytic water Leptospira strains (L.. biflexa, pro- 
vided bv Dr. C. D. Cox, Vermillion, S.D.), and /.. Save 
Paulo, L. Patoce I, L. Wa-Z and 1 Wa-Leiden, all 
provided by Prof. J. W. Wolff, Amsterdam) 

A fifth strain of water Leptospira, L. biflexa-Gent 
(from Prof. Wolff however, was agglutinated to 
approximately the same titres as / ballum by all 
Clemmys sera examined (one in dilution 1 : 250 
five | : 500. four 1: 1,000, seven 1 : 2,000, six 1 : 4,000, 
four 1 : 8,000, six 1: 16,000 and two 1 ; 32,000) 

Leptospira could not be isolated in direct culture 
from the liver, spleen and kidneys of the turtles, nor 
from the organs of hamsters intraperitoneally injected 
with a mixture of drained Clemmys organs. 

It is remarkable that without exception the sera of 
Clemmus (of very different ages and at least partly 
from widely removed regions of the country) showed 
practically the same high agglutination-level with 
one of the strains of water Leptospira (L. hiflera 
Gent) as with L. hallum, although these scrotypes 
have no antigen in common. This aroused some doubt 
whether the serum reactions of the turtles 
depended on the classical antigen-antibody pheno 
menon., 

The following investigations were intended to throw 
more light on the active agent in the sera of turtles 
compared with agglutinating antibodies provoked 
as a result of active immunization with the serotype 
strains concerned. 

The globulins were separated from our Clemmis 
caspica sera, by ammonium sulphate precipitation 
then washed and dialysed. Quantitatively the total 
amount of the agglutinating factor was contained in 
the globulin fraction of the sera. 

A culture of L. hallim failed to be agglutinated im 
the presence of Clemmys sera and of sera of rabbits 
immunized against L. ballum, when the antigen was 
washed and finally suspended and the sera were 
diluted in distilled water. Consecutive addition, to 
the negative tests, of saline to a final concentration 
of 0-9 per cent brought about immediate reaction 
up to the original agglutination-level of the sera 
This result indicated the necessity of the presence 
of electrolyte for this reaction. 

The influence of high temperature on the agglutinat 
ing agent was investigated in twelve sera of Clemmys 
caspica and three sera of rabbits immunized against 
L. ballum. The critical temperature at which the 
turtle and rabbit sera lost their agglutinating pro 
perty was 68°—69° C 

After freezing and consecutive thawing of turtle 
sera, the concentration of the agglutinating factor 
on the bottom of the tubes was about 20-fold that of 
the supernatant layer, 

The ‘agglutinins’ were totally absorbed from 
Clemmys sera by addition of an adequate amount of 
Leptospira of the ballum serotype. The ‘incomplete’ 
serotype (S 102) deprived turtle sera of their agglutin 
ating factor for the ‘complete’ (Castellon) strain as 
well as for the incomplete serotype. Hence the active 
factor in turtle sera reacts as an agglutinin of the 
‘incomplete’ ballvm serotype. 

Turtle sera with low hyos-titre, absorbed by 1 
lost their agglutinating power for both 
serotypes. Absorption by L. hyos, however, did not 
change the titre for L. hallum. 

Prelim nary investigations have been carried out 
in order to determine whether there are other proper 
ties in addition to agglutinating and lytic factors 
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which infection by L. ballum in Clemmuys 


pres ent 


with a 
resulted im 


white mice 


infection im 
ultures of L 
organism in the kidneys, 


Intraperitoneal 


mixture of two 
prolonged presence of the 
urme of all the animals No 
found im that had 


same culture to which a small 


and its excretion in the 


Leptospira were, however, mice 
been injected with the 
amount of Clemmys serum was added. 

suggest that Clemmys sera 
immune against the 


It appears that the capability of ¢ lemmiuys 


Fhese results strongly 


bodies Leptospira 
mentioned. 
Leptospira agglutinating anti 
Two turtles showed a titre 


aspwa to 
is very limited 
as low as 50, and a third one reached only 1 
ifter repeated injections of large quantities of / 


produc 


boches 


prippoty phosa culture its body cavity 
relation 


and / 


It seerns desirable to investigate a possible 
ship between the agglutination of L. ballam 
Hexva-Cient in turtle 
After absorption with L. 
S 102), the 
the hallum 


sera 
hallum (strain Castellon o1 
agglutinins’ disappeared, not only for 
but the heterologous 
Hexva-Gient strain Absorption with L. bifleva-Gent 
imilarly eliminated the agglutinating power for both 
trains. This unexpected result is remarkable in the 
hight of our experience with sera of rabbits, guinea 
pugs and land tortoises (T'estudo graeca), which were 


strains also for 


inmunized separately by repeated injection with 1 
allum or I lera-(ient 
tained agyvlutinins only for the strains injected, and 
with the strain did not 
iwniticantly affeet the serum titre for the homologous 


These tmmune sera con 


ibsorpt ron heterologous 
V ps 

Sera of hedgehogs naturally infected with L. bailum 
with this 
hittera-Cient. 


and showing significant titres 
revealed no agglutinins for L. 

It would thus seem that the agglutinating factor 
n Clemmuys sera is based on a principle different from 
that of the immune The origin and 
character of this factor and the mutual relationship 
the hballum and hbiflera-Gent agglutination 
are as vet obscure. Contrary to the positive results 
with the sera of Clemmys caspica, no agglutination 
was observed in blood samples of local land tortoises 

lestudo graeca), soft water turtles (T'rionyx triunquis) 
and water snakes (Natrix tessellata). 

Similar results have been recorded recently by 
Combiesco et a/.'. Six land tortoises did not reveal 
Leptospira antibodies, but ten out of eleven swamp 
turtles (Emys reacted strongly with 
L. mitis (probably syn. L. hyos). Leptospira were 
isolated from the reacting animals. Injection 
of a virulent L. icterohaemorrhaqiae culture produced 
only little agglutinin (titre 80-320) 

Further investigation is necessary to determine the 
origin and nature of the agglutinating and protecting 
As a working 
water 


serot Vpe 


antibodies. 


botween 


orbicularis) 


not 


factors present in certain water turtles 
hypothesis, we that saprophytic 
Leptospira play a part in the genesis of these factors 
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Detection of Serum Proteins within the 
Renal Collecting Tubule Cells of the 
Potassium-deficient Rat 

In potassium-deficient rats characteristic granules 
appear within the cytoplasm of the collecting tubule 
cells: the origin and nature of the granules have not 
been established. By labelling the serum protems 
with the dve 7'-1824 it has been examined whether 
or not they might be made up, at least in part, of 
serum protein entering from the tubular lumen. 
T’-1824, kindly 


Laboratories, 


Solutions of present ed by the 
Warner-Chilcott New York, were in- 
jected into the tail veins of twelve 200-gm. male 
Wistar rats (5 mgm. 100 gm. body-weight of the rat) 
that had been made potassium-deficient by feeding 
for three weeks on a diet deficient im potassium. 
Twelve control rats on a similar diet adequately 
supplemented with potassium were also injected with 
dy Rats from the experimental and control groups 
were killed 1, 2, 8, and 14 days after injection, and 
unstained frozen sections of the kidneys were exam 
ined microscopically. In the potassium-deficient rate 
killed 8 and 14 davs after dve injection the collecting 
tubule cells contained blue granules ; no such coloured 
granules seen in this location in either the 
control animals or im the potassium-doeficient rats 
killed 1 and 2 days after injection. 

T-1824 is firmly bound to serum proteins under 
many varving conditions'**, and the blue granules 
in the collecting tubules are presumed to contain 
dve-tagyved protem the granules 
containing the dye were mostly at the side of the 
tubular cells nearest the lumen it seems probable 
that the dye-protein complex entered the cell from 
that direction. This conclusion is supported by the 
absence of coloration in the granules in rats killed 
1 and 2 days after dye injection, &s more prompt 
coloration might be expected to occur after 7'-1824 
injection were the peritubular capillaries the source 
of the dye-protein complex. 

It is known that when 7'-1824 is injected into normal 
rats it accumulates in droplet form within the 
proximal convoluted tubule cells of the kidney’? ; 
this has been related to the normal process of reab- 
sorption of serum protein by the convoluted tubule 
cells?.*. There was @ diminution in the number and 
intensity of 7'-1824 stained material in the convoluted 
tubules of all the potassium-deficient animals exam- 
ined when compared with the controls ; this suggests 
that the normal process of protein reabsorption by the 
convoluted tubule cells may be decreased in potas- 
sium-deficient rats. The attractiveness of this 
explanation is enhanced by the appearance of blue- 
coloured protein in the urines of the potassium- 
deficient animals injected with 7'-1824, while the 
urinary protein of the injected controls was un- 
coloured. In addition, in a separate experiment, it 
was demonstrated that potassium-deficient rats had a 
greater proteinuria than normal rats This was done 
by measuring the urinary protein, precipitated by the 
method of Shevky and Stafford®, in four male Wistar 
rats before and after potassium depletion ; a two- 
to three-fold increase was found in the rate of 
protein excretion after the deficiency was established 
(Table 1). 

It is concluded that potassium-deficient rats possess 
collecting tubule cells so altered by the deficiency as to 
permit the movement of serum proten from the 
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Variant of Parotid Tumour (Polyoma) Virus 
showing a Change in Oncogenic Properties 


striking 


laboratories, in the 


differences, aus reported bv several 


types and frequen ies of lesions 


ind meop lass produced in the same inbred strains 


of mice by parotid tumour virus indieate the existence 


of different variunte Close antigenic relationships 


however. have been established for of the 


different 
Im ou 


strains of virus 


laboratory a thymotropic strain of virus 
Bi 
been propagated serially by 
a tissue-culture cell-line (7?-388 D1) derived from 


neoplasm of JRA? The 


eulture cell line Virtis 


Was isolated from a mouse with a tumour 


strain ha passage 
origin 


and of the 


a lymphoeyt 
origins of the tissues 
have been deseribed! Phe biological properties of 
the virus-strain have been reported in detail?) The 
tumour-inducing of the virus, propagated 
by passage in /’ 388 D1, has been evaluated through 
the fifteenth passage material This repre 

sents a total effective theoretical dilution from the 
starting approximately 

Throughout this period, this strain of virus has been 
strikingly virulent in its oncogenic properties, and. it 
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nearly LOO per cent thymic epithelial 
atten 


besides 
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Tumours as neonatal 
the 


induction 


days 


primary Biles 


early as sixteen 
Many other 
thymus have been 
Parotid, submaxillary and sub-lingual salivary glands 
have been affected, as well as the lacrimal and thyroid 


myection 
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submucosal tissues of 
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producmg an alteration of 


vlands and glands within the 


the trachea, oropharynx and nares 
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three 
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autopsy in milk the medium group, only two showed 
definite There appeared to be. how 
ever. no the oncogenic activity for 
hamsters of the polyoma virus passaged in /?-388 D1 
cells in milk medium. Four separate pools of virus 
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tumours in hamsters as follows: 
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RADIOBIOLOGY 


Changes in Density of Blood Serum after 
Total-Body Irradiation 


known that the ionizing radiation causes 
properties in 


IT 
changes Im some physical chemical 


living organisms It is assured that changes of 
the physical chemical propert res have an nnoportant 


hearing on the development of the post-irradiation 


Abscissa, density of blood um ce 1. contre 
col. B. animals irradiated by col, C, scorch 
t col. J), rata dept 


” 


svndrome We have followed the changes in the 


density of blood serum 


The blood serum Wibs 
their blood. Serum density was 


volume bv means 


obtaimed by decapitating 


rats and centrifuging 
determined by measuring 0 Zo mil 
of a miecroburette manipulated with a micrometric 
» and by weighing on an analytu al balance. The 
The volume of the 


scrTe 
microburette was kept at 
serum pressed out from the microburette was always 
calibrated by redistilled water 

irradiated by X-ray therapeut 

200 kV., LO m.amp., 4 mr 
a distance of 75 “tra 
evlinder in which the 


rats were 

apparatus at 

im filter, 

in a rotating low wooden 

animals were placed in individual boxes. The 
average radiation beam was 

Scorching was effected by putting a 4-cm.? hot 
metal sheet on the back of the animals for 15 sec. 
We examined the blood serum density in groups 
of six white laboratory rats, Wistar straim, of both 
The animals were fed on standard diet. 

The results obtained in three control groups are 
indicated in Fig. 1, col. 1 In Fig. 1, col. B, are the 
results obtained in two groups of rats irra liated with 
The rats were killed 6 hr. after irradiation 
are the results of the scorched-rat groups 
D representing the 
48 hr. 


In col. C 
6 hr. after scorching and in col 
group of animals that were refused drink for 
In these experiments the density of 
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even \ siolog ical 


conditions irradiation an agy 
them 
and in 
dine’ 

It is also possible to imagine that there is a correla- 


ome ot ti more considerable measure 


blood urine exereted as in the case with 


between 


tion sudden decrease of leucocytes after 
irradiation and the inerease in serum density 
Z. DIENSTBIER 
M. Rakovie 
Biophysi al Insti 
Medical Faculty, 
Charles University, 
175 


Hemagglutinin Production in Pre- 
immunized Mice exposed to Continuous 
-Radiation 

Benjamin and Sluka! first showed that X-radiation 
im sub-lethal doses could depress precipitin titres im 
rabbits when the radiation was given before 
administration of the antigen, but that the 


radiation was given after the antigen the precipitin 
Since 


just 


when 


titres were not depressed to the same extent 
that may have contirmed these 
observations (for review, see Taliaferro and Talia- 
ferro’). With whole body 
radiation, the 


we yrke rs 


time workers 


acute 
more 


doses of 
have been conflicting, 
that antibody production 
by small doses of X-rays. 


smaller 
results 
some claimmg 
could even be enhanced 
Very few, if any, observations have been made on the 
effect of 
radiation on antibody production. 

In this preliminary report of some observations on 
the effect of continuous y-radiation on pre-immunized 


contimuous, as opposed to mtermittent, 
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mice it is shown that, despite the accumulation of a 
radiation, hemagglutinin titres are 
inaintained at normal levels during the period ot 
radiation and at higher levels for a period of time 
atter radiation 

Thirtv-two Strong A male 
; groups of 16 mice each and each 


large dose of 


mice 3-4 months old 
were divided into 2 
group further subdivided into 4 boxes of 4 mice each 
All 32 mice were then given a single intraperitoneal 
injection of OU 1 mil. of packed, washed sheep red cells 
as & primary immunizing dose of antigen. Fourteen 
days later, all the mice were weighed and then bled 
from the tail to @ maximum of 0-25 ml. of blood. 
The serum from each individual 
sample and hemagglutinin titration of the serum was 
travs with doubling dilutions 


was separated 
carried out in ‘Perspex 
of the serum in seline against equal volumes of a 
3 pt r cent Suspension ot washed sheep red cells After 
the end pomts were 

Ten 
irradi 


imeubation at 
of the 


lt mice to be 


muon 


the low THICTOSCOPe, 


read power 


davs atter the tirst bleeding, the 
ated were then placed im alumunuum boxes in @& special 
unit containing a central source of 6-7 ¢. ceesium-137 
so that they ving continuous daily 
radiation dose of 84 rad/day. A short description of 
this unit has been published elsewhere 
intervals, 2 were 
random from the unit and, 
from the tail under anaesthesia for serum and then 
killed. Two control mice were bled in the same way 


each time a pair of radiated mice was removed from 


were rece 


mice removed at 


At Wee kly 
after weighing, were bled 


the unit 

After 31 days in the unit, during which time the 
remaining mice had accumulated a total of 2,604 rads, 
these mice were then removed. Pairs of mice from 
this group together with pairs of control mice were 
bled from the tail and killed at intervals for a further 
month. 

Fig. 1 shows the change with time of the hawmag 
titres for both the irradiated and control 
In all cases the change IS expre ssed as the 
difference in logarithms of the titre at the time of 
killmg and that determined for the animal 
14 days after the primary antigenic stimulus of sheep 
red cells and prior to the start of continuous rachation 


vlutinin 
yroups 


in the case of the irradiated group). 

During the period of radiation, although the mean 
increase in the titres of the irradiated group is highe 
than that of the control group, this difference is not 


statistically significant However, in the post irradia 


| 


| 


Ist bleeding 


ill 32 mice 


ml sheep 
red cells of 
Change in hemagglutinin titre (log ¢ log ¢,) in continu- 
ously irradiated and unirradiated groups of immunized mice, 
hemagglutinin titre determined at the time of death; 
hemagglutinin titre determined 14 days after a primary antigenic 
stimulus of sheep red cells but before exposure to continuous 
y-radiation. @, irradiated mice; ©, control mice 


Fig. 1 
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Jim 


tion period there is quite clearly a statistically signifi 


cant difference at the 5 per cent level between the 


TWO 


the results of the 


Fron present ¢ thre 


or onset af this soon the Yroups ts 


difference bet 


not readily apparent However, the result< of a small 


prel Y which mice were 


ized with sheep red cells and exposed to radiation m 
the same wav. but u vhich the sera were obtaimmed 
tro COMSECTITIVE of the samme animal, 
mbcated that this relative merease in hamavglutinin 


monstrated 


titre on the wroup could be cb 
toward the end of the period of radiation and 
persisted well into the post-irradiation period 

The mamtenance of normal titres 


irradiation undicates that antibody 
int 


iurimng continuo 


producing mechanisms are not seriously dist 


the aceumulation of relatively larve doses o 


wul the fact 


le spite 


radiation that antibody titres are sore 


times higher than before radiation sig 
not merely preformed antibody -level 


vests that active 


production os still prowre and that it ts 
being 


whieh ire 


It is unlikely that 


the maintenance of antibody 


sis merely a reflexion of the destruction of large 


lt ‘ 


nmiimibers of cells witl the cons 


beration of antibody as was s ivvesteod bv Douwvhert, 


(hare and White! follow ny the mpection of pittuitary 
bation the peripheral white blood falls to 
low levels within a few davs at this dose-rate. and 
remains low throughout the period of radiation and 
for some tine atterwarcd> Moreover. Marshall and 


failed to detect mereases in circulating anti 


followimg the destruction of vtes by 


White 
body 
nitrogen mustard 

It seems likely, therefore, that some othe? relativels 
radioresistant cell belonging to the reticulo-endothe 
al svstermn is responsi ble for antibods produ tron 

Hill® has des ribet the development of mecrens nye 
pyrimnophiha of the reticular calls of lvinphoid tisstie 
and the deve of mmiumature pl Cells follow 
im Nossal’ 
has also observed marked plasma cell proliferation im 
or whole-body 


doses of SOO whole-body radiation 


te llowmy single doses of 
rvbation and considers that the plastius cell is more 


Preliminary 


rats 


lvinphocyte 
spleen and lymph nodes 


rvloresistant than the 
stuclies of the 


in the present experiment suggest that plasma cell 


histologic al 


prolife ration is also taking ein these cont 


These observations and thor rela 


irradiated mice 


tionship to antibody production will be reported im 


more deta: elsewher 

should like to thee hielp 
yement received Prof \\ \ 
Mavneord, head of this Dk 


I. 


tron 


Department of Physics 
Institute of Cancer Research. 
Downs Branch 
Clitton Avenue, 


Belmont. Near Sutton, Surrey 
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Incorporation of Tritium-labelled 
Thymidine in Bufo Rana temporaria 
Hybrid Embryos 


Lr is well known that cross-fertilizatiom carn 
development, in anurans. 


Otters tw 


often does not proceed further than the late 


Phe 


blastule 


or early gastrula stage reasons wih this block im 


development oceurs are not vet well known l hoped 
that an autoradiograph of the 
of nueleie aed and protein precurse inte letha 
hybrids might help elucidating the probles 


imn-lahbelled 


trity 


The preeursor used in this worl 
thvmidine. B.C. Moore! has show: 
cursor, if injected mto female Rana pipiens before 


+ pre 
ovulation, is incorporated, at the morula stage, in 
the nuclei of normal Rana pipiens and of ancrog 


embryos Thymidine ts uso on 


into the deoxvribonucleie acul of the lethal diploid 
hvbruds sylva ax 


The labelled irsors inte 
amphibian ombryos is limited by the presence of the 


nearly im 


incorporation Of pres 


surface coat which renders the embryo 
permeable to a large number of substances In 
order to rule out this permeability problem. we have 


worked on embrvos the coat of which had been disin 
tegrated in a medium devoid of caleiu 


2 cells stage were meubated in 


The embryos at the 
the following medium : sodium ehloride (17 per cent 
200 ml chloricdk 
water 966 ml 960 N hydrochloric acid 
ml sodium eitrate Tritnun-labelled thymi 
dine was added at a ion of 5 «x 1O-* M 
2-5 me.) After a I7-hr. in embryo- 

tixed by 
sticdied by the autor 


per cent 10 mal 
{ris 
ogm 
coneentrat 
ibation, the 
and the 


vhography 


wert freeze substitution incorpora 


tron Was technique 
of A 
In the lethal 
work, the embryos stopped development at the late 
The incorporat 
the arrest of development and 24 hi 


combination in the present 


stave. Was Investigated 


blastula 
at the time of 


The controls were at the vastrula and at the 


later 

neurula stave respectively. In these « 
have followed Barth’s* directions concerning the 
dissociation of the eells and the culture median 
The embryos, deprived of the vitelline membrane 
were first meubated mn the clissociating Irie lium 
after dissociation, they were placed im the culture 
medium containing labelled thynitdone Phe. cell 


incubation, wit! 
ao omuxture of ves 
put through the autoradiography procedure 
be incorporated into the 
bes 
mgm. mil. in 


300—-1 hr. at 37 


ora 24 he 
hol 


were fixed, after a 9O-miun 


acetic acid and al ) and 


Thymidine was found to 
nuclei, and 
removed by deoxvribonuclease (0-1 
buffer pH 7-5 containing Mg 
was no diminution of radio 


nearly all the radioactivity c 


on the other hand. there 

activity followme a ribonuclease treatment 

mgm. mi. in buffer pH 7-5 containing Mg? 300 
| hr. at 37 In the arrested blastule, we have 


abnorn already 


everal nucle: the chroma 


observed the evtological Llities 


described by Brachet 


tin sticks to the nuclear mombrane, where it fornis 
a thin laver: the radioactivity is associated with 
this area. Sometimes, labelled chromatin is found 


in the cytoplasm Finally, the nuclei often consist 
ciistinguished by 


of two hemikarvons which can be 
their staining properties toward ethyl and 


green 


=p: 
| 
ag 
4 
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pvronime ; this case, there is a good corre ree 


between methyl green staining and the munibet 


silver yvrains | he 
Labelling o 


bserved im 


deoxvribonucleic acid could thus be 


la as well as im blastula cells of the 
Moreover, 24 hi 


tritinm-labelled) thymidine 


after development 
still 


acid, a fact which 


ethal bin 


prod, Wiis 


Vribonud le it 


vests that the block in development is not due 


of «he sViit Suel 


oxveribomuclere acid 
| Lovirup 


Pane 


hnochemucal 


conclusion haat already been reached by 


wud Grregy®, tor the simular Rana 


wtica combination, on the basis of 


easnrements of deoxvribonnelere acid synt hese 
RK. TENCER 


Laberatoire de Morphologie 
Faculte ce 
cle 


SCICTICES, 


Bruxelles 


Universite 


Chloride-secreting Cells in the Gills 
of European Eels 
IN a recent comununication Parry, Holliday and 
Blaxtet reopened the chlorick 
secreting cells of the gills of fish and, in agreement 
arguments, they new 
Key sand Willmers theory 


question ot the 


vith) Bevelander’s? brought 
mmarect evidence aya nst 
and Copeland’s* conclusions 

Eels excellent 
nvestigation of this point Kevs® 


branchial chloride is excreted by animals adapted to 


provide an maternal for direct 
demonstrated that 


- Wate! whether chloride absorption 1s 


loubtfal' 
water to the sea and this behaviour should be 


eels migrate trom tre sh 
elated 


Moreover. silver 


tow change in osmo-regulative Capacities 

Gills of vellow and silver eels, adapted to fresh 
have studied with Leschke's 
for chloride. Although Leschke s 
and only 
wide limits (ef. 


Sea-water, been 
histoche ¢ al test 
method 
vithim 


of results 


lacks specificity is produc ble 
Lison’), a Comparison 
standard 


reliabl 


rather 


different 


with identical tests m 
ceondit rons trom animals Can wive 
information. 

The acidophil cells of yellow eels living both in 
tresh and in sea-water gave a positive chloride test, 
although slight and somewhat variable. With silver 
eels, the chloride test was strongly positive (Fig. 1) 
for animals adapted to sea-water, but clearly negative 
for those ma‘nta‘ned in fresh water (Fig. 

These results confirm Keys and Willmer’s theory 
ind Copeland's data (on Fundulus) of the role of the 


widophil cells of the gills of some fishes in chloride 


<eeretion, and demonstrate a different osmo-regulation 
between vellow and silver eels. 
Yellow appear to be more 
capable of secreting and absorbing chloride through 
the gills, but this conclusion should be confirmed by 
physiological experiments on eels of a definite stage 
Silver eels seem to be able to secret: 


eels and 


euryaline 


of deve lopment 

but not to absorb chloride by the gills. 
These differences in function 

vellow and silver eels explain the migration of silver 


osmotic bet ween 


NATURE 


f will tilamwent 
cells at the base 


Fig. 2. Longitudinal section of gill filament of a silver eel adapted 
to fresh water Leschke'= test is negative 


eels from fresh water to the sea more clearly than the 
demineralization theory post ulated by Fonta:ne® 
Silver eels can also survive in fresh water ; the salt 
balance in this environment is likely to be ma nta’ned 
by the larger amount of water swallowed. Indirect 
evidence of this fact from Defrise’s® experi 
which show that. in fresh water, (silver?) eels 
than ten much urine as 


COTES 


ments, 


produce more 
adapted Is 
A full account of this research is im the press 


I am indebted to Prot. U. D’ Ancona for suggestions 


10 


and eriticisms. 
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Photoperiodicity of Seasonal Rhythm of 
Wool Growth in Sheep 


rhyth 
liet w 


aun 


existence of a 


unifor 
erguson 
Wolzu 


that tl 


arter 
present 
rhyt 

er and minimum in is mnclace 

ire. How 

in wool growt! 


Hart*, ther 


wornal bre 


chamges in temperat 


respons 
and Hart*® and 
Yeates®.* that 


pl otoperiods ally 


by 
Lhe 


ontroll 
seasonal changes u 
gated in some 
growt! 


hore 


wool 
here 
of mature 


fea 


Three group 
Marsh ewes wert 
whic h Wai i 
im bods 
vironmt 


muform r 


vroup was 


ler er opical 


Br 


norm 


ondit yor 


Phe second 


environ ntal 


norma! 
ishane 


group remaimed 


under 
temper but 
ed to an accentuated reversed rhythm of 
anges vy Yeates*® 
rhe third gro ip received 
but 


seasonal 


al conditions 


wa subject 
easonal ch 


and 


in length of day as used 
Fig. | 
davlight 

od 

It 


asonal el 


ilhistrated in 


normal hours of was exposed to a 
somewhat rever temperat ire-evele as 


shown in Fig. 2 
ideal reversal of s« 
is 


third 
the controlle 


was not possible to arrange an 


mperature for 
projec ts 


mm te 


owing other using 


perature rooms at the 


me 

The eX perine nt started with S sh In each of the 
three groups, but during the 2 vears of the experiment 
1 total of 6 she« » died, and 
wiffered at 


during the second year 
decrease in body 
vere therefore excluded from the 
eft 16 sheep (4 controls, 7 im the 
group and ‘versed 


two urke weight and 
This 


length 


group) 


experiment 
reversed day 


temperature 


arure 


iew 


raal of th 
versal of the 


lav-len 
wool growth-cycle 


ter 
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TEMPERATURE 


ton the w 


remained in good eondition throughout 
riment, and from which the wool 
and were compiled It »bserved 

f the eight sheep finally excluded because 

loss of weight closely the 


rhvthm vlule 


the 
yrowth curves 
Wiis 
or 


followed wool 


it 


of its respective group 
remained im good condition 

Wool clipped approximately 
6-week intervals from a LOU sq. em. tat 
the mid-side of each shes The yes of 
clean scoured weight/day for each growth period are 
shown in Figs. I and 2 
the re 
and staple-length were 


samples were at 


tooed area 


on 
group avera 


as percentages of the initial 
poctive yroup 


measured 


average tor ibre-diameter 


the 


experiment 


on samples 


if 
selected periods during thu 
The following results we 
i) The 


growth-rat« 


re’ obtaine 


control ewes showed a n wool 


winter eT, as 


n and maximut 
found bv other workers! . 


imi 


h) The ewes subjected t 
dav-length rhythm developed a re 


‘versed seasonal 
seasonal 
wool growth rhythm with maximum wool growth in 
winter and minimum in This reversal of 
wool growth rhvthm occurred gradually, and took 
two year 


\ ersed 
surmmer 


to complete 
) The reversal of the clean scoured we 


ght rhythm 
resulted from 


a reversal of the rhythms of both 
tibre-diameter and staple-le nuth 
the normal seasonal temperature 
cycle in the third group had no obvious effeet 
wool growth-evele of this group 

The in growth was 
greatest im the reversed day-length group, a result 
which he a ited the 
eascnal length experiences 


Upsetting 


on the 


seasonal variation wool 


can reasonably tril greater 


Variation mn day by this 

f) The ove rall mecrease in wool growth rate over 
he 2 vears was greater in the reversed dav-length 


and t 


t 


emperature groups than in the control group. 
It is not known whether this is a direct result of the 


|| 
ool of sh firat shown in ' 
cle im i, Sug 
rested th wuld 
ept aod 
2 
WON 
Temperature, day-length and v wth Irs for 
h if group of 4 ewes ind ft tur 
ew An ideal revers t ter 
= itu \ was not possible, but it © st that ? ting os 
utter p in winter and cooling them in su had t 
byious effec ool growtl 
wat 
tha 
| 
a 
aes 
7 
: 
; : 
2 
i 
; 
Fig. 1. Temperature, day-length and wool growth curves for the 
ontrol group of nd tl \ lay-length grout 
1 
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ot her 


the 


the result 


‘ 
eny 


ronment 
i 


stich 


la 


roon 


factor 
reversed aud the controtle 


if 
above finding 


vthin of wool-grow 


Lay 
Tip’ 


vthm of 
“isin 


chan 


ime rt 


nper 


rease if, 


therefore 


ced 


init 
Cor luded tha 
seasonal 

miperature 
meclusion 


nt ilhustrates 
which the vrowth evel 
obviously 


not alteres the sheep in 
winter and cooling then: im su 

The fact that 2 of 

necentuated reversed day length rhythm: was required 
to reverse completely the wool growth rhythm shows 
that the light rhythm is dificult 
alter, and is probably Wodzicka 
not able t the ional 
vrowth-evele simply by subjecting sheep to a uniform 
day-iength for 12 The effeet of 
temperature on wool growth-rate should be studied in 

ith due regard to the persistence 
induced rhythn 
that 


Wiis 


years exposure 


induced wool growt} 


th 


why Wits 


to 
wool 


inate natural 


rewire months. 


some detatl, and 
of the lght 
the results reported here 
OTe 

The suggestion that 
cal 
eason (Lindner and Fergu 
ronal evele of 
the 


(Robimson 


the 
marked. 
a high level of ad 
the natural decline 


clear from 


temperature effect 
Xists, is mot very 
renocortical 
activity winter mi ine oft 
wool vrowth durimg this 
lileel 


m 


son ThOW ince ‘the se 


wool growth is light-induced whereas seasonal 
Ins to induced 


ortical activity see 
rit 


evele of adreno« 


iture and not bv li and 


by 
Morris* 

This work 

Il sincerely thank the Wool 
Australia) for financing this project 


temp r 


Wil ibly hed im more 
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land, 
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* Present address 


and Hardy, 


Elminius modestus on the South-East Coast 
of Scotland 


was recorded 


Darwin first 
by Bishop found by 
in Chichester Harbowu that 
have been published giving 
afterwards 


Elminius modestus 
Britain in 1947 
well established 
date numerous reports 
the spread this imugrant 
around the coasts of the British Isles 


} 
who it to 


of barnacle 


NATURE 


Ta 


forth Queens- 


ferry 


ANDREWS AREA 


Adults 


veniies 


nestim 
jated specimens or 
with ditheulty after 
isolated speci bone found 
at eac! | w four suitabl 
of juveniles higher than 


mt 
fairly 


per 
small groups found 


This spread was relatively rapid in most parts of 
England and Wales but in the north-east, about 
1951, it ceased abruptly at the mouth of the Humber? 
\ however, that 
Elininius north as the 
mouth of the 


In October 


Elminius 


States, 


far 


Crisp? 
found 


Dv 


been 


recent report 
has now 
River Tees 

1960 1 found mumerous mature 
and a fairly but 
t Portobello, on the south shore 
Firth of Forth Dr. ¢ risp, in & private com 
has since confirmed the occurrence of 


the barnacle in this area, settlement having oceurrs ad 


apeci- 


recent heavy 


mens of 
settlement of spat a 


ot the 


on test panels immersed at Rosyth between August 24 

md September 7 and October 3 and 27, 1960. 
Therefore, in October and November 1960 L made 

rapid survey of the Forth 


local limits of distribution 


nsive but fairly 
to determine the 
ius and to estimate roughly the proportion 
The 
and 


yi 
stuary 
ot 
that it forms of the total barnacle population. 
this survey are shown in Table 1 


results of 


Fig. 

A clear distribution pattern appeared on both 
shores of the Firth of Forth. The highest proportion 
of Elminius was found to Forth 
Bridge, at Queensferry, diminishing steadily towards 
of the estuary Elminius 


the west of the 


eastern, open end 


the 


Nortri 
Sea 


f Elminius modestua Darwin in south-east 
) station numbers and symbols sce Table 1 


Fig 


1. Distribution 
Scotland. For ke 


vt 


POPULATION Densttigs OF Elminivs modestus at Vani 
STATIONS IN THE FORTH AND TAY AREAS 
South shore North shore 
The most signiticant of the sos the 
2 
reversal of the seasonal rh! th by a bridge 
reversal o exnson 1 i ne 10 South Queens 
It os 7 tiosford Kay B 17 Kirkealds / 
vth > North Kerwi 19 Elie 
rt hy bell en Austruther 44) 
is ‘ i 
Bai Grades i, Found with ease, p tior timated as m than a 
10 per t: i with td 
ifter searching for about 10 
places, In each grade the numbet 
those of the adults a 
detail at a 
Fund 
> 
L. R. Morrts* 
4 
Department of Zoology, University of Wisconsit 
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farther east on thy with Cow 
than it did on the north coast (Elie In 
barnacle was found in small murmbers 
wa and at Tayport, at the south-east 
estuary 
ribution of the most recently settled larve 
similar pattern to that of the adults but 
The young stayes were more 
numerous on the south shore of the Forth, but a 
omparison of their sizes suggests that settlement had 
probably occurred earlier and rsisted’ over a longer 
period o he north shore 
It seers likely that the focal pot of the coloniza 
on of the Forth area deve lope d as # result of remote 
lispersal’ by ships, simce if appears to have been 
entred on the inshore western end. Even if the 
ettlement in the Tees area® were not of recent date, 
distance and the nature of the mterverung coast 
it unhkelw thet marg nal (that ts, coastal) 
lispersal could have been responsible, simee thy 
possible distance across which the animal 
iore than about thirty miles‘. 
lhe exact locality of the orignal Forth settlement 
nust rere n & matter for conjecture as there are 
numerous docks which take shippiyg from warmer 
waters (Fig. 1); perhaps the most likely possibility 
the naval dockyard at Rosyth. In addition, there 
is number of smaller fishing and sailing harbours 
which could have assisted in the subsequent local 
spread 
It is difficult, also, to estimate the probable dat 
f the arrival of the initial colony or colonies In 
1956 Dr. Crisp failed to find Elminius at Portobello 
und Queensferry, where it is now common, but the 
present density and extent of the populations suggest 
that at least two, or possibly three, seasons have 
passed since the barnacle first became established 
Che rate of colonization may have been imfluenced 
n the early stages by the size of the original 
settlement. or settlements, and possibly by later 
ntroduections ; but an initial period of build-up is 
necessary in order to produce the large munbers of 
larves requisite for dispersal and settlement mm the 
area. It is likely that growth and reproduction will 
he slower in the colder latitude of the Forth than in 
the southern parts of Britain, where Crisp? suggested 
that the rate of colonization by marginal dispersal 
along an open coast 1s about 20-30 km. per annum 
on consideration of these facts. therefore, it seems 
probable thust the initial settlement occurred in [M58 ; 
a consolidation of the settlement and an extension in 
the enclosed waters to the west and the immediate 
east of the Forth Bridge may have occurred during 
the warmer summer im 1959; and the extension im 
juantity to the open part ot the Firth in 1960. 
The earliest record of Elminrus on the east coast of 
Scotland comes from Dr. G. A. Horridge, of the 
ciattv Marine Laboratory, who, in & private com 
munication, reports that it was noted at St. Andrews 
in 1958. Dr. Crisp, however, was unable to find the 
species at Broughty Ferry, Arbroath or Montrose, all 
north of the Tay, in February 1960 
The past history ol the Elminius populations of 
this area is therefore far from clear, but it seems 
likely that the species will become established over & 
wider area of the east coast of Scotland with its 
numerous small harbours and sheltered coves. 
Although only recently established, the population 
in the Forth area has already become more numerotts 
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thuan the former domurant Species, Balanus halanoul 
at some points, namely Blackness Pount, 
time Bridge and Charlestown 
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Bathynella and Other Interstitial Crustacea 
in Southern England 


THe report of a specimen of Bathynella from near 
Oxford! was a reminder that in Great Britasn zoolo 
vists have still neglected to study the fauna inhabiting 
the interstitial water of strata below ground, though 
the potential interest of this habitat was clearly 
pointed out by ALG. Nicholls as long ago as 

More recent work on the Continent, as, for example. 
that of Husmann® in Germany, is beguuung to throw 
light on the nature of this fauna and how its members 
are distributed, at least in the more accessible sites 
It has been realized for some time that several small 
hypogean” animals that occur sporadically in wells 
or cave water are really generally spread im inte: 
stitial water of strata bathed by a permanent water 
table, and indeed primarily belong to this habitat 
The crustacean family Bathynellidae provides perhaps 
the most striking example. About thirty species, 
classified in tive genera, are now known from various 
parts of the world, including Eurasia, Africa, South 
America and Madagascar. Few of them greatly 
exceed | mm. in length and being very narrow are 
well suited for moving through not only gravels but 
also coarser sands Throughout central Europe. 
eastward to Rourmania., one species' —Bathynella 
wtans Vejdovsky (= chappursii Delachoux)—has 
been found in interstitial ground water m= many 
places where it has been sought. Its status im 
Britain might be pre sumed to be the same, but 
evidence has been lacking 

Among other crustacean genera known from under 
yround interstitial water in central or southern Europe 
are three (Microcharon, Ingolfiella and Pogidiella) 
that are represented in marine gravel on the bed of 
the English Channel’. This find ra‘ses such questions 
as whether these genera may not also be represented 
in sub-surface fresh water in Britan, and, more 
generally, whether there is not a transition zone 
where sub-surface fresh water grades into that held 
in strata below the sea bed, making possible a gradual 
exchange of fauna between the two. 

More information is needed from the landward 
side, and, in pointing out this neglected field, and 
urging that fresh water biologists might profitably 
turn attention to it, I can report the results of some 
tentative steps T have myself been taking in this 
direction. 

Attempts to sample ground-water have been made 
in three ways: (1) by filtering water delivered by an 
electric pump through a pipe driven into water-bear- 
ing gravel; (2) by washing stones and gravel at the 
point of issue of hill-slope springs ; and (3) by digging 
shallow pits in gravel where the water-table is high. 
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“QUICKFIT”? Adapters help you 
to economy of apparatus 


They are a thoroughly efficient and economical 
means of extending the scope and usefulness of a 
relatively small range of components. The 
assembling or re-arrangement of apparatus is 


greatly assisted by the possession of a small stock 


of adapters, some of the most useful of which 
are shown above. 

Every joint conforms to the dimensions recom- 
mended by the International Standards Organisation 
and British Standards Institution. Each is marked 
with its size number. The full range of adapters 
will be found in the ‘‘Quickfit’’ catalogue. It 


covers the vast majority of laboratory requirements. 


QUICKFIT & QUARTZ LTD. 


Dept. Z.AP, ‘‘Quickfit’’ Works, Heart of STONE, Staffordshire 
Phone : STONE 481 


Semi-automatic machines grinding ‘‘Quickfit”’ 
precision ground joints. 
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CHECK HUMIDITY AT A GLANCE 
WITH THE 
DARTON PRECISION HAIR HYGROMETER 


Accuracy 3°, between 30-90%, R.H. 


With or without temperature scale. 5 in. 
or 8 in. diam. brass case finished black and 


chrome. 


We also manufacture chart recorders for 


humidity, pressure, and temperature. 


Please send for leaflets : 


F. DARTON & CO. LTD. 


WATFORD FIELDS, WATFORD 
’Phone Watford 26019. 
All our instruments are available through your usual laboratory supplier. 


SINTERED PERMANENT 
MAGNETS provide consist- 
ently high magnetic properties 


in large quantity production. 


MUREX LTD. (Powder Metallurgy Divisionr) RAINHAM ESSEX 


- al Catalogues on 
Technical atalogues ¢ Tel. : Rainham, Essex 3322 Telex 28632 Grams: Murex, Rainham-Dagenham Telex. 
request. LONDON SALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1I. 
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such as in the ox-bow of a rive Each of these 
methods, simple though they are, produced encourag 
ing results at the first attempt, particularly with 
regard to the crustaceans collected Three species 
in particular deserve mention 

Bathynella Vejd. Examples have been 
collected by all three techniques 1) At Whit- 
church (Oxon), in the Thames valley opposite Pang 
bourne (Berks), through an opportunity kindly 
presented by Dr. I. H. H. Yarrow (to whom and to 
whose family I am extremely indebted for help), an 
estimated volume of 3,400 gallons of water raised from 
the alluvial gravel, on April 2 and 3, 1960, and filtered 
through a fine-meshed plankton tow-net, produced 
Ten specimens Here a metal had been 
driven 14 ft. imto the ground and an eleetrie pump 
delivered water through it at the rate of about 500 
vallons an hour. The pump had not been used for 
nearly a year. The catches were distributed over the 
two days 

2) One of the two springs emerging in fields 
(owned by mv colleague, Dr. J. A. C. Nieol) at Moor- 
town, near Tavistock, Devon, on the slope of Dart- 
moor, produced a single adult Bathynella, when 
sampled on May 3. This site is at 560 ft. O.D., on 
metamorphosed slate, and about half a mule from 
the edge of the maim granite outcrop. At the point 
oft issue of the water a rough conduit had been made 
with flat stones, under which the water tlowed ove 
a small accumulation of stones and gravel some 
neches thick. Handfuls of the latter were swilled in 
a bucket and the water stramed off. 

(3) A pit was dug in a gravel spit alongside the 
River Plym, a little way above Cadover Bridge, in 
the granite area on the south-west side of Dartmoor, 
at 696 Tt. 
1 ft. and the gravel dug out for another foot The 


natans 


Ciround-water was reached just below 
uvravel removed, consisting mainly of granite frag 
ments with littl detritus, was washed and = the 
washings strained off, as well as much water that 
constantly seeped into the pit. The fauna collected 
twelve Bathynella, mostly 
\ second pit, dug close at hand on May 27, 


melided specimens ot 
juvenile. 
nm warmer weather, vielded two specimens at the 
lowest level dug. These observations are of interest 
n showing that Bathynella tolerates the acidic, 
peaty and very soft water for which Dartmoor is 
nororious, 

On these findings, scanty as they are, it is difficult 
to escape the conclusion that Bathynella natans must 
be very widespread in water-holding strata through 
much of Britain. The gravels of the London basin 
may be expected to hold a large population. The 
zoological depart ments of some universities Thust be 
in @ position to obtain a ready supply by simply 
boring into the gravels on which their buildings rest 

Niphargus glenniei Spooner. This small member 
of the amphipod genus of ‘well-shrimps’ was described 
from the limestone caves of Buckfastleigh and 
Ashburton (Devon)*®, which had remained the only 
known habitat. Several examples, however, have 
been obtained during this investigation. Two came 
from the Moortown spring that produced the Bathy- 
nella, and five from another spring at 700 ft. O.D. 
and nearer the granite. The second pit dug by the 
River Plym, in granite gravel, produced four speci- 
mens. Another example was got from a well on the 
edge of Dartmoor, near Wrangaton. Evidently, 
therefore, this species must be widely spread, in 
Devonshire, in interstitial ground-water, tolerating 
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a wide range of pH. It seems to be the counterpart 
of Niphargellus spp. on the Continent 
Crangonya Bate. One of 
amphipods was obtained from the water pumped at 
Whitchurch (as described above). Since first recog 
nized by Spence Bate more than a hundred years 
ago, from a pump, there seem to be only two subse 
quent occurrences in Britain (one from a well, and 
The apparent scarcity would 


subterraneus these 


one from a cave pool). 
be explained if this species also proved to be primarily 
an inhabitant of interstitial water, and accidental! 
elsewhere 

Granted that crustaceans of this sort, along with 
certain oligochaetes, 
nematodes, etc., regularly inhabit mterstitial water, 
it may be asked how far do they range, or how deep 
into the geological strata do any of them penetrate 


G. M. 


copepods, ostracods, mutes, 


SPOONER 
Marine Biological Association, 
The Laboratory, 
Plymouth. July 15 
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Soil pH and Mycorrhiza Development in 
Pinus 


Mycorruizas of Pius will not develop profusely 
on trees growing im neutral or alkaline soils, and it 
has usually been assumed that this is so because the 
mycorrhizal fungi are acidophilic. During movestiga- 
tions of the fertility status of a nodular podzolic soil 
from the coastal lowlands,of southern Queensland, I 
have found that formation of mycorrhiza in pine 
seedlings is not always inhibited by a rise in soil pH, 
and when it is. the effeet can usually be explained in 
terms of host nutrition The direet effect of alkalinit\. 
in restricting the growth of the fungus may be less 
important than was formerly thought. These results 
are derived from a series of pot experiments designed 
primarily to test for nutrient deficiencies, but also to 
study the effect of nutrient supply on the degree of 
mycorrhizal infection of seedlings Comparison of 
relative mycorrhiza development was based on the 
numibe r ot mycorrhizas expressed as a percentage ot 
the total mumber of short roots per seedling (‘miycor 
rhiza per cent’). The criterion of infection used was 
the presence of dichotomous branching or forking of 
Since dichotomy of short roots of 
mycorrhiza! 


the short roots. 
Pinus is not 
infection, some Care is Necessary m accepting forked 
short roots as mycorrhizas. Experience has shown 
that it is possible to recognize mycorrhizas of Pinus 
on the basis of their external morphology. In the 
work reported here, counting was carried aut 
initially under a stereo-microscope (12-5), and after 
experience had been gained in this way a binocular 
loupe was used. 

The forked mycorrhizas of the seedlings examined 
were predominantly of Melin’s type A which, as 
described by Robertson’, occur in acropetal succession 
on the parent long root. Type B mycorrhizas were 
far less common and these were counted along with 
the former type. Where any doubt existed, the short 
roots were regarded as uninfected. This also applied 
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Table 1. OF AMMONIUM NITRATE AND CALCICM CARBONATE 
SOIL NITRATE-LEVEL, SOIL pH, AND MYCORKHIZA DEVELOP- 


MENT OF P. caribaea (EXPERIMENT SOWN, APRIL 30, 1957) 


Nitrate as pu My corrhiza 
Treatment p.p.m. nitrogen Nov per cent’® 
June 10, 1957 19, 1957) (Now. 19, 1957 
Nil 19-5 (25°83) | 
Caleium carbonate | 
16 cwt./acre 16-86 
Ammonium nitrat 
$ ewt./acre 71-4 2-0 (7-21) 
Calcium carbonat 


16 acre 
ammonium nitrate 
ewt./acre 


“whoifheant differener 
0-05) 5-26 


P< 00] 17 


* Mean are sine transforma own in bracket- 


to unbranched mycorrhizas while these could 
frequently be recognized under the stereo-nucroscope, 
their identification by means of the binocular loupe 
Full details of this work 


was by no means certam 
but in the meantime the 


will be published elsewhere, 
results can be summarized as follows: (1) Lime 
nduced chlorosis of P. taeda L. occurred at pH 7-5 
seedlings had relatively few mycorrhizas 
mycorrhiza development was restored by 
adding the iron complex of ethylene diamine tetra- 
acetic acid to the soil without altering its pH ; 
2) both ammonium nitrate and caleium carbonate 
reduced mycorrhiza development in P. caribaea Mor 
Calerum carbonate promoted nitrification, and as the 
nitrate-level im the soil imereased, ‘mycorrhiza per 
cent’ deelined, of whether soil pH 
nereased or decreased (Table 1); (3) ammonium 
nitrate greatly reduced ‘mycorrhiza per cent’ of P 
faeda growing at pH 5-5, but sodium carbonate did 
not affeet mycorrhiza development even though it 
aised soil pH to 7-4; (4) sodium nitrate retarded 
nycorrhiza formation in J’. taeda, and the greater 
the amount added, the longer the delay in mycorrhiza 
formation ; (5) im an experiment designed to separate 
the effeet of the sodium and nitrate ions, it was found 
that sodium ions did not affeet mycorrhiza develop- 
ment in /?. taeda even though they increased soil pH, 
whereas nitrate ions greatly reduced ‘mycorrhiza per 


and the 
Normal 


irrespective 


cent” (Table 2). 

These experiments were all carried out using the 
closed pot system, that is, the pots were undraimed 
Because of this, no nitrate could be lost through 
leaching; nor was anv evidence of denitrification 
encountered. It seems therefore that mycorrhiza 
formation in P. taeda and P. caribaea is not inhibited 
n neutral or slightly alkaline soils, provided the soil 
nitrate-level is low. That this has not been recognized 
previously may be due to the fact that mineralization 
of nitrogen proceeds rapidly in such soils. 


Table 2. EPFECT OF SODIUM NITRATE AND SODIUM CARBONATE ON 
SOIL pH AND MYCORRHIZA DEVELOPMENT OF P. taeda 


Treatment pH Mvcorrhiza, per cent’® | 
Nil 
Sodium nitrate (14-92) 
sodium carbonate ‘ 22-4 (29-99) 
Slium nitrate 
carbonate 11-3 17-14) 
significant difference 

4 (7 #0) 
(FP aol) “1 10-19) 


* Mean are sine transformations shown in brackets. 10 mil. V/10 


solution of each salt applied per pot 


106 NAT URE 


April 1. 1961 vo. 


The depressive effect of readily available nitrogen 
on mycorrhiza development may also explain why 
mycorrhizas are less abundant in mull soils than in 
mor. Although not necessarily more alkaline than 
mor soils, mulls nitrify well and have a higher content 
of ammonimm and nitrate nitrogen in the natural 


state? 
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ENTOMOLOGY 


‘Preferred Temperatures’ of Land 
Arthropods 


STUDIES on arthropod behaviour have often been 
concerned with the ‘preferred temperatures’ of the 
animals and attempts have been made to correlate 
results with the microclimatie Changes in the aninal’s 
however, that 


natural environment. It appears, 
insufficient attention may have been paid to the other 
physical factors the variations of which cannot be 
easily eliminated from a temperature gradient. These 
factors have sometimes been assumed to be unimpor- 


tant or have been disregarded altogether, and a 
preference shown by the animal for a partieular zone 
within a temperature gradient apparatus has been 
attributed solely to temperature. 

The main purpose of this communication is to point 
out that variables may exist in most of the usual 
types of closed temperature-gradient apparatus. For 
example, even in a gradient apparatus designed for 
observing small arthropods of 1-5 mm. x L mm. or 
less, the air temperature differs by more than 3 deg. ( 
from that of the floor. The air will be cooler than 
the floor at the ‘warm half’ and warmer than the floor 
in the ‘cool half” of the temperature gradient. These 
differences will cause a ‘thermal flow’ from the warm 
end to the cool extreme with, at high humidities, the 
deposition of water droplets on the roof of the warm 
region and on the floor of the cool end 
saturated air’ may be 


It. is often assumed that 
easily produced and thus uniform humidity conditions 
obtained throughout a temperature gradient. How 
ever, if the air temperature is higher than that of th: 
floor, the air in fact will not be completely saturated, 
although if the floor is warmer than the air the relative 
humidity will be 100 per cent. The rate of evapora 
tion at any point in the apparatus ean be determined 
by introdueing there a moditied Piche micro-evapori 
meter; because the warm air flows into the eool 
region, evaporation may be much higher at the cool 
end than at the warm end 

Animals introduced into such an apparatus will 
consequently be acted on by (a) floor temperature, 
(6) air temperature, (¢) thermal air currents, (/) 
differences in relative humidity and (e) evaporating 
gradients. All these factors, in addition to others 
depending on the physiological state of the organisms, 
must be considered in the interpretation of any 


results. 

I have been concerned with aspects of the physio- 
logy and ecology of certain free-living mites (Oriba 
Acarina). Batches of fiftv adult Belha 


toidea, 
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Distribution of adult Belha geniculosa in a temper 


gradient in ‘saturated’ air (mean of three « \ periments 


qeniculosa Ouds., a common oribatid mite of oak 
litter, were acelimatized to constant conditions and 
offered a linear temperature range under ‘satur- 
ated’ conditions. Their positions were recorded at 
fixed time-intervals to determine where they aggre 
gated 
The apparatus consisted of a copper bar 22 em 

tom 0-2 em. embedded at each end into insulated 
copper boxes, which contained heating and cooling 
The upper side of the metal strip was sur 
rounded by narrow glass 


agents. 
sides (1 em deep) and 
covered with a glass plate marked at intervals to 
facilitate numerical The metal strip was 
covered with moist filter paper and floor and air 
temperatures within the apparatus were determined 
at definite intervals by thermistors: evaporation 
rates | the floor were measured by a 
nucro-evaporimeter. The relative humidity in the 
half’ was calculated from vapour 
pressures derived from the floor and air temperatures ; 
the atmosphere in the ‘warm’ half 
pletely saturated. Except when 
apparatus was kept in darkness. 

In Fig. 1 the frequency 
B. geniculosa in a 


records. 
mm, above 
wl 


aqueous 


remained 
recording, 


com 
the 


distribution of adult 
saturated’ temperature gradient 


atter periods of 3 or 6 hr. is related to the temperature 
gradient and other physical variables 


By introducing desiccating and humidif ing agents 
into the apparatus, the behaviour of the mites could 
be recorded under a range of conditions of temperature 
and humidity. Regardless of changes in relative 
humidity and evaporating gradients, B. gens ulosa 
always aggregated within a floor temperature zone 
of about 12-14° C. (air temperature 14-16° C.). These 
results are somewhat surprising for the will 
quickly move towards the region of highest humidity 
offered to them in a linear relative humidity chamber 
at constant temperature. Thus temperature seems 
to have a greater effect than other physical factors 
and the mites seem to select a zone where death from 
will not long be delayed However, 
other experiments indicate that desiccation is slow in 
humidities above 80 per cent, so the situation is more 
complicated than might be expected. 

Temperature is not always the most unportant 
factor. Wellington'.*, for example, found that larve 
of the spruce budworm, Choristoneura fumiferana 
(Clemens), aggregated within certain regions of 
evaporating gradients independent of temperature 
and these results were explained in terms of their 
micro-habitat?® 


mutes 


desiccation 
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Laboratory findings with B. geniculosa have been 
treated somewhat academically in this report and in 
further work it is hoped to correlate behaviouw 
distributions under controlled conditions with diurnal! 
changes and long-term micro-climatic phenomena in 
their natural environment. 

It is suggested that in future more importance 
should be attached to all possible physical factor 
other than temperature in certain types of tempera 
ture gradient apparatus. In this way it may be 
possible to explain some of the existing inconsistencies 
between field and laboratory observations. 

I gratefully acknowledge the receipt of a post 
graduate Agricultural Research Council grant during 
the course of these investigations. 
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Mite Orientation and Survival 
on Flies 


PHORESY among arthropods has been widely noted 
and its importance in population dispersal and sur 
vival appreciated Hypopi. the phoretic stage ot 
mites, have been studied for the most part isolated 
from their hosts, and little is therefore known of their 
interaction. We have recently deseribed some be 
havioural adaptations of the hypopus of Myianvetus 
muscarum (Anoetidae) to fly factors which favow 
the mite’s dispersal! Hypopi are attracted to a 
volatile substance produced by the pupw of several 
fly species, including Musca 
stabulans and Stomoxrys caleitrans, and cluster on the 
anterior end of the pupal case from which the fly is 
This communication describes the 


domestica, Muscina 


due to emerge. 
behaviour of the same mite on adult V/ 
Hypopi can be found throughout the fly-breeding 
medium and may cluster on pup well down as well 
the surface. Their distribution, however, is 
mainly on the surface and in large infestations the 
surface is covered with cinnamon-coloured patches 
containing thousands of mites A strip of paper 
towelling partially inserted into the medium will show 
a sharp boundary of mites just above the surface 
presumably an indication of a preference for moisture 
Aggregates of hypopi remain on the pupal case until 
eclosion, at which time they transfer to the emerging 
fly. After a brief excursion on the host, the mites 
occupy characteristic locations for attachment. One 
of the choice sites is under the dorsal conjunctiva! 
folds at the base of the abdomen: another is at the 
Horizontal rows of mites build outward 
In moderate infestations, mites 


stabulans 


as on 


base of sete. 
and toward the rear 
collect on areas bearing seta and avoid smooth cuticle 
(Fig. 1). On all areas of the abdomen mites uniformly 
face toward the rear. This orientation is directly 
correlated with the pattern of setw and conjunctival 
folds which are directed towards the posterior. L have 
observed hypopi back to the base of an overhanging 
seta or into a fold in the cuticle. presumably to obtain 
maximum contact with their anal suckers. This 
would serve to explain their aversion to smooth 
cuticle. Mite orientation on the thorax is obscured 
by its more complex chwtotaxy. 


- 
24 
& 
1 
ature 
it 
2 
E 
a 
ai 
: 
| 


N A T R 


hig. I Ventral abdominal aspect of fly showing preference of 
ites for areas bearing set and their orientation toward the reart 


Once settled on the tly. livpopi remain sessile. 
Chere is a non-adaptive aspect of this behaviour which 

strikingly demonstrated in two ways. The majority 
of mites will remain attached despite mumerous 
visits of their hosts to a suitable breeding medium. 
Furthermore, the mites will remain attached to a dead 
host until they too sucewmb. Thus, for the majority, 
phoresy may be a one-way ride. Some of those mites 
which do transfer to a breeding area remain active 
for two weeks or longer without moulting. Others 
soon become quiescent and distended as a result of 
what appears to be a considerable intake of water 
I measured the idiosomal heights ot hypopi before 
and after contact with moisture and found them to be 
and respectively. The mechanism of water 
absorption is not known, as the mouthparts are 
considered to be non-functional A minimum of two 
days is required for the appearance of the tritonymph 
vhich may moult to the adult stage one day later 
at 24° C.) 

| have found dessication to be the most crucial 
factor in mite survival The following results are 
based on three replications using about 200 mites 
in each test The various stages ot the mite were 
placed in a dry Petri dish at 24° C. and 50 per cent 
relative humidity Under these conditions, the feed 
ng stages suffered 100 per cent mortality within 
2 hr., while the hypopi completely succumbed after 
30 hr. The longevity of hypopi on caged flies kept 
inder the same conditions was a minimum of 47 
dayer In my experiments the flies died before the 
mites. It is noteworthy that the microclimate of the 
fly is most favourable for the survival of hypopi 
This is additional evidence of the adaptive value of 
the phoretic habit 

This work was supported by a National Science 
Foundation grant, G9934, and conducted, while a 
guest investigator (1960-61), in the University of 
Illinois College of Pharmacy l am grateful to Prof. 
. D. Carpenter, for advice and assistance during the 
course of this work, and to Dr. L. de la Torre of the 
College of Agriculture for the photograph 
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Action of Mycophenolic Acid on Unstable 
Diploids of Penicillium chrysogenum 

of Penicillium chrysogenum heterozygous 
tor the yenes y (yellow Versus green conidia) and 

W (white versus green conidia) have green conidia 
(mm plating, these give rise to a majority of green 
colonies, togethet with a small ye reentage less than 
1 per cent) of vellow or white colonies, or green 
colonies with white andor yellow sectors The 
proportion of these ‘segregant’ colonies and sectors 
is stronuly increased (by more than 20-30 per cent 
if the conidia are treated with the nitrogen mus 
tard, 2) or wit) 
X-rays'. When certain of the colonies with sectors 
are sub-cultured by the plating of green conidia. 
they give rise to a population of colonies with sectors 
these colonies maimtain the unstable character im 
detinitely in successive transfers. A dozen unstable 
clones were isolated, each of which showed sectors 
with a single phenotype (rarely two) characterized 
by the presence of nutritional markers as well as by 
the colour of the conidia Manganous chloride. 
added to the agar medium at 40 mV concentration. 
inhibited the production of sectors with nearly all 
the unstable clones; the inhibition, however, was 
not of a permanent nature, and disappeared when the 
clones were subcultured on medium tree fron 
manganous chlioride®. 

During one experiment, a chance contaminant 
colony ot Penicillium sp. was found to grow ona plat: 
of unsupplemented nutrient agar on which colonies 
of an unstable strain (//) produced by treatment with 
HN-2 were giving rise to yellow sectors. Around the 
contaminant colony, colonies of strain J) did not show 
sectors. The contaminant strain was isolated and 
cultivated in submerged culture in a corn-steep 
dextrin medium, and the filtered broth was sterilized 
by autoclaving. 1 ml. of broth added to the agar on 
which strain J) was plated completely inhibited 
sectoring of the colonies. As with manganous chloride. 
when conidia from such colonies were replated on 
unsupplemented medium, they gave rise again to 
sectoring colonies 

By extraction with n-butyl acetate at acid pH. a 
substance was isolated from the broth which could 
be easily crystallized from water or from carbon 
tetrachloride and which reproduced the effect 
observed with the culture filtrate of the Penéedllinm 
sp. The chemical and physical properties of this 
compound agreed closely with those of mycophenoli: 
acid, a well known metabolite of several I nicillia 
The identity of the substance was contirmed by 
comparing its physical, chemical and biological 
properties with those of a sample ot mvycophenolic 
acid kindly supplied by Prof. J. H. Birkinshaw. 

Mycophenolie acid inhibits sectoring of strain /) 
and other unstable diploid strains of Penéeillium 
chrysogenum at a concentration of 1 ugm./mil., that is, 
at a molar concentration about 10,000 times less than 
the minimum concentration of manganous echloride 
required to produce the same effect. The abolition of 
vellow sectors is not due to a selective effect ; yellow 
colonies derived by plating conidia collected from 
sectors formed in the absence of mycophenolic acid 
grew and sporulated normally on agar containing 
mycophenolic acid. Nevertheless, the formation of 
yellow sectors from unstable strains is prevented by 
this substance 
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Mycophenolic acid does not show any of the other 
effects which manganous chloride 
Penicillium treated 
namely, reactivation of viability 
with HN. 2 


induced by 


produces on 
with 
after 


somatic segregation 


chr ysoqenium mutavens*. 
treatment 
and reduction of 
HN-2 or by X-rays 

The mechanism of genetic instability diploids 
of Penicillinm still unknown, and 
therefore the mode of action of mycophenolie acid 
investigated The 
inhibition of the formation of yellow diploid sectors 
instable diploid of 
strain the 


chrysoqe nun 1s 


in this process cannot yet be 


has also been observed with an 
pillus nidulans: this vellow 


high 


eTrossing-over in chromosome 


sectors were to a frequency ot ic 
probably connected 
chromosome 1] 


witha breakage-fusion evele set 
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The Mycolytic Phenomenon and Biological 
Control of Fusarium in Soil 


THERE have been attenipts to niake use of 
hiologice! control measures for the 
plant pathogens, borne by soil. Frequently, 
attempts involve the moculation into soil of organisns 
which antagonize the pathogens /tro ; 
cedures try to disturb the natural 
equilibrium by the sumnple 
environment of individual 
failure of the added 
established is not surprising because the biological 


Suppression ot 


these 


such pro 
microbiological 
into the 
The frequent 
to 


mtroduction 


become 


associations and antagonisms within the ecosystem 
determine the composition of the microflora, the 
climax population being a reflexion of the physical 
and chenuecal characteristics of the habitat By 


modifying the habitat, however, it is possible to alter 


the composition of the microflora, and such micro 
biological alterations may destroy plant pathogens 
borne by soil. 
The possibility 
which 


that 
lyse 


mycolytic bacteria, that is. 
fungi. are involved in the 
pathogens has been 
proposed frequently For example, a lytic factor 
has been unplicated in the control of Fusariim by 
and 


organisms 
suppression of certain plant 


and in 
the suppression of halodes by 
Bacillus subtilis?. In an investigation of the disap- 
Fusarium 


strains of Ae te) Pseudomonas 


Helminthosporium 
pearance of ncysporum f. cubense from 
artificially infested soils, a number of bacteria capable 
of lysing the fungus were obtained. For the isolation 
oft the ruycolytic bacteria, a modification of the method 
of Mueller and Durrell® which living 
Fusarium cells in water agar were included in the 
The active bacteria grew readily 


Was used in 
enriching medium. 
in an inorganic salts medium containing living or 
dead cells of F. oxysporum f. cubense as the sole carbon 
source, but fungus cell-walls isolated by treatment 
with potassium hydroxide could be substituted for 
the intact mycelium as the source of carbon. Three 
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of the lytic micro-organisms were identified as strains 
of Bacillus ee PUR, 
and a sixth isolate as a strain of Pseudomonas. 
added to a growing culture of F 

bacteria caused a lysis of the fungus 


two others as Bacillus meqaterium., 
When 
OPYSPOTUM, these 

Sunilar results 
have been obtained with fungi of several other genera 
Furthermore, the baecteria-free culture filtrate of a 
lytic strain of Bacillus 
containing oxysporum 
both the living and the 

All the chitinase 
activity and developed in media containing chitin 
as the filtrates 
prepared from media in which chitinoeclastie miero- 
organisms were grown did not F. 


medium 
the Ivsis of 


cereus In a 
brought about 
dead fungus 

mvycolvtic bacteria exhibited 


only source of carbon, but culture 
OLYSporum 
The latter organisms were obtained from soil by use 
of chitin-containing enrichment solutions. Similarly. 


a stram of Pseudomonas chitinororans POSSESSING 
strong chitinase activity did not lyse the fungus It 
would seem, therefore, that chitinase may be pli 
cated im the but lysis does 
not appear to result solely from the activity of this 


enzvViIne 


mveolytie phe nomenon, 


It is possible that mycolysis is a natural means 
If the 


active flora could be stimulated selec tively in soil, the 


tor the biological control of sus eptible Fusaria 


population of pathogenic fungi might decline. In pre- 
liminary work with sterile soil, it was noted that the 
mveelpim of F oxysporum was digested following the 
addition of a lytic Bacillus strain. but. as expected, 
the addition normal soil 
failed to disturb the microbiological equilibrium to an 
sufficient to result in control of pathogenic 

Qn the other hand. the fact that all isolates 
had in common the capacity to utilize chitin suggested 
that the addition to soil of this polysaccharide might 


of mvcolytic bacteria to 
extent 


Fusaria 


provide a selective means of stimulating the mycolytie 
population 

To test the possibility for control by such treat 
ments, soil infested artificially with Fusar/‘um solan: 
ft. phaseol was planted to kidney beans immediately 
following amendments with 
ammonium chloride. 


chitin, cellulose or 
After six weeks, the severity of 
root-rotting was determined using a disease index 


0 for no disease and a value of 


100 for severe rotting, 
the tinal disease index being the mean of all the values 
for each treatment The summarized in 
Table 1 demonstrate that chitin at a rate of 200 Ib 
per acre markedly reduced the severity of the root 
rotting. Similar results have been obtained with the 
vascular wilt of radishes caused by 


results 


Fusarium 
f. conglutinans. In the radish wilt, chitin 
reduced the index from 47 for infested, 
untreated soil to a figure of 10 for infested soil treated 
with 200 Ib. chitin. Neither cellulose, another poly 
saccharide slowly decomposed by the soil microflora, 
nor inorganic nitrogen produced similar beneficial 
effects 


Ory 
sporum 


disease 


Table | 
ON THE 


EFFECT OF CHITIN, CELLULOSE AND AMMONIUM CHLORIDE 
SEVERITY OF ROTTING OF THE BEAN-ROOT CAUSED BY 
Fusarium solani f. phaseoli 


Treatment Disease index (per cent) 
None 

Cellulose, lb. 
Ammonium chioeride, 54 Ib./aere 
Cellulose ammonium chloride 
Chitin, 200 Tb. /aere 


Uninoculated, unamended 
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Che influence of chitin may result from an increase 
in the number of mycolytie micro-organisms. Chitin, 
however. is known to be one of the few substances 
which markedly inerease the actinomycete popula 
tion’. Because actinomyecetes are particularly active 
in antibiotic production, in culture media at least, 
the content of antifungal substances in chitin 
amended soil was determined by the method described 
previously®. The results obtained indicate that the 
toxicity of aqueous extracts of chitin-treated soils is 
far greater than that in unamended controls (K. C 
Lu and J. E. Dawson, personal communication) 
Further work is in progress on the mechanism of the 
chitin-induced suppression. 

This work was supported partly by a grant from 
the United Fruit Co., Boston, Massachusetts. The 
strain of Pseudomonas chitinovorans was prov 
by Dr. Hans Veldkamp, to whom we express our 
appreciation 

RK. Mirexn 
M. ALEXANDER 
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Department of Agronomy, 
Cornell University, 
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New York 
Khudiakov. J, P., Mikrobiol. 195 (150 
Lily, V. G., Nair, U. K., Pandalai, K. M., and Menon, K. I. \ 
Indian Coconut J.. §, 162 (19052 
Mueller, K. E., and Durrell, L. W., Phytopathology, 47, 243 (1957 
*Veldkamp, H Meded. Landhou Wageningen, § 127 (1955 
Lu, K. ¢ Dawson, J. t umd Alexander, M irch. Mikrobiol... 33 
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Biological Characteristics of Colicine X 


THe name colicne NX was given' to colicine 
produced by the strain of Escherichia coli used in- 
dustrially by Hageda, AG... Berlin-Koln, for the 
preparation of the emulsion “Mutafior’. This colicine 
can be distinguished from other types of colicimes by 
the following characteristics 

(1) pes of mutants resistant to colicine X 
Specificity to colicines is determined by receptors, 
which are specific for each colicine?. The sensitive 
bacteria can lose the specific receptors one after 
another by tmutation. By successive mutations a 
sensitive stra may become resistant towards many 
colicines. In a series of experiments I used two 
strains sensitive to colicines X, V, B, FE, 7, K, +1. 
DS, J +1, A and C, and by successive mutations | 
was able to isolate 200 mutants resistant to one or 
more colicimes Loss of receptor for colicine Y was 
never accompanied by a loss of receptor for another 
type of colicine, and cross-resistance between colicine 
X and one of the other 12 colicines was not observed 
The experiments prove that mutants resistant to 
colicine X are specific. 

(2) Spectrum of activity. Colicine X is very active 
against some groups of Enterobacteriaceae ; but like 
the other colicines does not inhibit growth of Staphy 
lococcus aureus, Bacterium anitratum or Pseudomonas 
(Table 1) The Escherichia coli, Citrobacter and 
Klebsiella-Cloaca group are more frequently sensitive 
to colicine X than to other colicines, while Salmonella 
and Proteus are generally resistant. Strains of Escher- 
ichieae and Klebsielleae isolated from animal feces are 
more sensitive to colicine X than strains isolated from 
human feces; but it is still impossible to explain 
this ecological difference’. 
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FIVITY SPECTRUM OF COLTCINE A 


No. of strains No. of strains 
Organism examined sensitive Percentage 
Naphulococcus aureus 
Kacterwim anitratum 
Pseudomonas 
Enterobacteriacene 
Salmonella 
Proteus 
richia cole 


The sensitivity of BE. col/ isolated from aninul 
feces towards 13 colicines is reported in Table 2 
The results show clearly that colicine X is more active 
against KE. coli than any other colicine used in this 


we wk 


Table 2 SENSITIVITY OF SO STRAINS OF Excherichia coli TOWARUS 
COLICINE XY AND 12 OTHER COLICINES 


Type of colicine 


(3) Other characteristics (a) The production of 
colicine XN is not influenced by growth of the coli 
cinogenic strain in synthetic medium! 

(b) The diameters of the inhibition zones in nutrient 
agar are usually 20 26 mm. The morphology of the 
inhibition zone is not characteristic, but resembles 
that of colicines D and K. 

(c) It has been difficult to study the heat resistance 
of colicine X, because suspensions of this colicine 
with a high titre cannot be prepared by the usual 
methods {see d). Undiluted colicinogenic cultures in 
broth were used for heat-resistance experiments, and 
it was found that colicine NX is destroyed after 
boiling for 15 min. 

(d) Colieine X is rapidly destroyed by the addition 
of 2.4 m.. chloroform to 100 ml. of bacterial culture 
in ‘Oxoid’ nutrient broth. The strain ‘Mutaflor’ ts 
sensitive to streptomycin but the addition of strepto 
mycin to the broth culture does not offer any advan 
tages for the preparation of suspensions of colicine, 
as the concentration of colicine X in broth is low 
It is possible that colicine X does not diffuse easily 
outside the bacterial cell 

(e) Colicine X is resistant to the proteolytic 
enzymes, which are produced by some strains of 
Bacilli or Proteus. 

The foregoing characteristics permit the distinetion 
of colicine X from the other 12 colicines produced by 
the type cultures of P. Frederieq. 

J. PAPAVASSILIOL 


Department of Microbiology. 
Nationa) University of Athens, 
Goudi-Ampelokipi, 
Athens, 6. 
' Papavassiliou, J., Nature, 184. 1339 (1950). 
Frederica, P., Ann. Rev. Microbiol., 11, 7 (1957) 
* Papavassiliou, J., Arch. Inst, Pasteur Tunis, 37, 105 (1960) 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk * are open to the public 


Wednesday, April 5 


KOVAL METEORULOGICAL SOCIETY (at 49 Cromwell Road, London 
§.W.7), at 5 p.m.— Prof. T. Bergeron (University of Uppsala): “The 
History of Meteorology” (Evening Discourse 


ROYAL SocteTy OF MEDICINE, HISTORY OF MEDICINE SECTION (at 
| Wimpole Street, London, W.1), at 5.15 p.m.—Dr. K. D. Keele 
‘Three Early Masters of Experimental Medicine—Erasistratus, Galen 
Leonardo di Vinei’ (Presidential Address) 

INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London 


W.1), at 5.30 p.m Dr. W. Domzalski “Airborne Techniques 
‘etroleum Information” 


Wednesday, April 5—Friday, April 7 


INSTITUTE OF PHYSICS AND THE PHYSICAL SOCTETY, in collaboration 
with the INSTITUTION OF ELECTRICAL ENGINEERS (at Brune! College 
of Technolow, Acton, London, W.3)—Symposium or Electrical 
Contacts” 


Thursday, April 6 


INSTITUTE OF REFRIGERATION (at the Institute of Marine Eaginecrs 
The Memoria! Building, 76 Mark Lane, London, E.C.3), at 5.30 p.m 
Mr. J. A. Coy “Results of Practical Experiments on Kelative 
Humidity Control” 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, Lo 
W.C.2), at 5.30 p.n Mr. W. Casson and Mr. H. J. Shep} 
‘Technical and Economic Aspects of the Supply of Reactive Power 


n England and Wales’ 


BRITISH INSTITUTION OF KADIO ENGINEERS, TELEVISION GROUH 
at the London School of Hygiene and Tropical Medicine, Keppel 


Street, (iower Street, London, W.C.1), at 6 p.m.—Discussion 
Iransistorized Television Receivers”, 
INSTITUTE OF METALS, LONDON LocAL SECTION (at 17 Belgray 
Square, London, S8.'V.1), at 6 p.m Annual General Meeting, followed 
by Mr. K. M. Bills Physical Methods of Analysis for Major Alloying 


Constituents” 


SOCIETY FOR ANALYTICAL CHEMISTRY HMOLOGICAL METHODS 
(sROUP (at “The Feathers’, Tudor Street, London, E.C.4), at 6.30 p.m 

Discussion Meeting on “Principles Involwed in Collaborative Studies 
pened by Mr. 8. A. Price. 


Friday, April 7 


INSTITUTION OF ELRCTRICAL ENGINERRS, MEDICAL ELRUTRONICS 
DISCUSSION GROUP (at Savoy Place, London, W.C.2), at 6 p.m 
Discussion on The Couversion of Biological Data into Electrical 
Signals” 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments 
before the dates mentioned 

LECTURER IN MATHEMATICS—-The Principal, Nottingham Training 
College, Clifton, Nottingham (April 10 

DEMONSTRATOR IN CHEMISTRY—-The Registrar, University Colleg: 
t North Staffordshire eele, Staffs (April 14) 

ASSISTANT IN THE DEPARTMENT OF ZOOLOGY —The Secretar The 
Edinbure! April 1: 

ASSISTANT LECTURER IN INORGANIC CHEMISTRY —The Registr 
The University, Manchester 13 (April 15) 

LECTURER (suitably qualified science graduate) IN BacTERIO 
LOGICAL BIOCHEMISTRY rhe Registrar and Secretary, King’s Colleg: 
University of Durham), Newcastle upon Tyne (April 15) 

LECTURER (with medical qualifications) IN ANATOMY TY} secre. 
tary, Medical College of St. Bartholomew's Hospital, West Smithtield 


London, E..1 (April 15 
UNIVERSITY DEMONSTRATOR IN BOTANY, with special reference t 
vtology and genetics Dr. ¢ Bb. Goodhart, Museum of Zoology 


The University, Downing Street, Cambridge (April 17) 
LECTURER (suitably qualified graduate with experience or interest 


i the problems of agricultural research) IN STATISTICS—The Secretary 
Wye College Lond near Ashford, Kent (April 21). 
ASSISTANT B (pr rably with a university degree 


r equivalent 
METALLURGY 
National Cert 
College, King 


THE DEPARTMENT OF SCIENCE AND 
ind mathematics mainly to Ordinary 
Principal, North Lindsey Technical 
ines (April 22) 

SENION KER IN VETERINARY ANATOMY; 
SENIOR IN VETERINARY HISTOLOGY ‘ 
SENIOR LecTURER or LECTURER IN VETERINARY MEDICINE ind a 
SENIOR LECTURER or LECTURER IN VETERINARY PHARMACOLOGY 
at the University of Khartoum—The Registrar, University of Khar- 
toum, c/o Inter-University Council for Higher Education Overseas 
20 Woburn Square, London, W.C.1 (April 22 

LECTURER IN ELECTRICAL ENGINEERING and a LECTURER IN 
MPCHANICAL ENGINEERING The Registrar, Trinity College, Dublin 
April 24) 

LECTURER or ASSISTANT LECTURER IN PHILOSOPHY—The Registrar 
fhe University, Hull (April 24 

KRADER Or LECTURER IN THE PHILOSOPHY OF MATHEMATICS —The 
Secretary of Faculties, University Registry, Oxford (April 24) 
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RESEARCH FELLOW (with a Ph.D. degree or equivalent experience) 
IN THE CHEMISTRY DEPARTMENT, for fundamental work on com 

} f potential use in the paint industry—The Professor of 
Chemistry, Ihe University, Mull (April 24). 

ASSISTANT LECTURER (preferably with an Interest in theoretical 
vr experimental plasma physics) IN| PHysics—The Secretary, The 
Queen's | Belfast (April 29). 

LECTURER IN APPLIED MATHEMATICS—The Principal, Jesus College 
Oxtord (May 

LECTURER IN HISTOLOGY AND EMBRYOLOGY at the University of 
Sydney, Australia—The Secretary, Association of Universities of the 
British Commonwealth, 86 Gordon Square, London, W.C.1 (Australi 
and Londot h) 

KESEARCH DEMONSTRATOR (graduate in botany), to engage i 
research, preferably in plant physiology and biochemistry, plant 


pathology an cology and a RESEARCH ASSISTANT (graduate In 
botany or graduating this year), to assist the Professor in the estalh 
lishment a maintenance of a collection of plant organ and tissu: 

iltures and in search involving these cultures—The Registrar 
La t College, Singleton Park, Swansea (May 13) 

CHAIR OF MATHEMATICS (R.A.A.F. Academy), University of Mel 
bourne. The Secretary, Association of Universities of the British 
Commonwealth ‘4 Gordon Square London, W.C.1 Australia and 


London, May 15 

ASSISTANT LECTURERS (with appropriate qualifications and teach 
ing and research experience) IN APPLIED OR PURE MATHEMATICS 
it the University tf Hong Kong—'The Secretary Association of 
Universities of the British Commonwealth, 36 Gordon Square London 
{ ug Kong and London, May 19 
rably with the ability to offer courses in methods 
if teaching chemistry and/or biology) IN EDUCATION at the Univer 
sity of Hong Kong—The Secretary, Association of Universities ¢ 
the British Commonwealth, 36 Gordon Square, London, W.C.! 
Hong Kong and London, May 19 

LECTURER (with an honours degree in zoology and preferabl) 

me experience of teaching and research) IN ZooLoey at the Univer 
versity of Hong Kong—The Secretary, Association of Universities 

f the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Hong Kong and London, May 30) 

BKACTERIOLOGIST (graduate in acience or veterinary science) at the 
Animal Health Trust Farm Livestock Research Centre, Stock, Essex 
to assist in a programme of research into enteric diseases of young 
tarm animals, with special reference to pigs—The Scientifie Director 
Animal Health Trust, 14 Ashley Place, London, 8.W.1. 

ASSBLOWER— Dr. J. K. N. Jones, Chemistry Department, Queen + 
University, Kingston, Ontario, Canada 

HEAD OF THE DEPARTMENT OF SCIENCR AND ELECTRICAL BN 
INEERING—The Principal, College of Technology, Bre idway, Letch 
worth. Herts, 

LABORATORY TECHNICIAN (Grade IIIT) IN THE DEPARTMENT 0? 
PHYSIOLOGICAL CHEMISTRY, to assist with classes in practical physic 
logy and some experimental work—The Assistant Bursar, The Univer 
-ity, Reading 

PosTpocTORAL FELLOW IN THE DEPARTMENT OF CHEMICAL 
ENGINEERING, for research in flame spectroscopy or a related subject 

Dr. A. G. Gaydon, Imperial College of Setence and Technology 
Prince Consort Road, London, 8.W.7 

RESEARCH ASSISTANT (preferably with a good chemical bac kground 
IN THE DEPARTMENT OF CHEMICAL ENGINEERING, for work on the 
fractionation and analysis of lipoprotein extracts—The Secretary 
University College London, Gower Street, London, W.C.1 

RESEARCH FELLOW IN THE DEPARTMENT OF ELECTRICAL ENGINRER 
ING, for work on instrumentation and telemetering for physiological 
measurement on athletes— The Academic Registrar, Loughboroug! 
College of Technology, Loughborough, Leicestershire, quoting Ret 
20/AF/2 

RESEARCH FELLOWS (2) (preferably with a Ph.D. degree in engineer 
ing or physics, or equivalent research experience) IN THE DEPARTMENT 
OF ELECTRICAL ENGINEERING under Prof. A. L. Cullen, for retearch 
nm the ld of millimetre wave techniques—The Registrar, The 
University, Sheffield 

SCIENTIFIC OFFICER, SENIOR SCIENTIFIC OFFICER of PRINCIPAT 
SCIENTIFIC OFFICER (preferably with experience in_ tissue culture 
techniques), for research work in virus diseases Phe Secretary 
Animal Diseases Research Association, Moredun Institute, Gilmerton 
Edinburgh ¥ 


REPORTS and other PUBLICATIONS 


not included in the monthly Books Supplement 


Great Britain and Ireland 


Report for the year ended 
vndon : The Nuffield Foundatic 


and Industrial Research. A Survey of 
covery in the Electroplating Industry. 
p. iv+44. (London Department of Scientific 
Industrial Research, 1960.) 
om and Home Counties Regional Advisory Council for Tech- 
rical Education bulletin of Special Courses in Higher Technology, 
Management Studies and Commerce, 1960-61, Part 2 


Spring anc Summer Terms. ». 78. (London: London and Home 
Counties Regional Advisory Council for Technological Education, 
1980,) Se. 6d (3012 


Labelling Procedure for Compounded Medicinal Preparations 
(A memorandum issued by the Association of british Pharmaceutical 


industry, the Proprietary Association of Great Kritain; and the 
Association of Public Analysts.) Pp. 6. (London Association of 
British Pharmaceutical Industry, 1960.) [3012 


Ciba (A.R.L.), Ltd. Technical Notes, No. 216 (December, 1960) 
onded Helicopter Blades, Pp. 6. (Duxford : Ciba (A.R.L,), Ltd 
1960.) [3012 
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North Staffordshire Field Club, 1960 ) 


Other Countries 


rnment Printing Office, 


Handbook of Australian Fishes, Nos, I 


Skogshégskolans Skrifter 


Microbial Pathogenicity. 


Research in India, 
Bulletin of the Astronomical Institutes of the Netherlands. 
Variation on the Sun with 


Distortion of a Magnetized Cloud by 
By Donat G. Wentzel. 


498 (1960 December 14) 
Differential Galactic Rotation. 


Fertilizacion de la Papa en Por Manuel Rodriguez 


April 1. 1961. 90 


I. Baird y Jairo Correa \ Pp. 22. Boletin Tecnico No. 6: Fertili 
zacion de la Papa en la Sabana Alfrededores. Por Victor 
M. Vega-J., Genaro Diaz-R Baird (Hogota 

Ministerio de Agricultura, 1060.) [3012 
Indian [nstitute of Science Golden Jubi ee Research Volume, 19090 

Pp. vii+410 +10 plates. (Bangalore Imtian Institute of 

Seber 1959.) [3012 

Agriculture Organization of tl United Nations FAO 

Energy Series, No. 2 Rad etive Materials in Food and 

Keport of an FAO Expert Committee, Rome, 30 Novem 

ember, 1950. Pp. ix +123 ton land Agriculture 

[the United Nationa, 1960.) tid 4) doliars. (111 

t High Commission Rast African Try panosomiasis 

Research Organization Report, January December, 1950. Pp, ii +64 
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HOMOGENEITY 


High and medium resolution n.m.r. require field 
homogeneities >1 in 10°. This is only achieved by 
highest quality workmanship and attention to detail 
The Newport 8” Electromagnet Type D with 
optically flat pole faces operates in the range ol 
0-12000 gauss. Maximum available field > 15000 
gauss. Rotating table available 


High Performance 


BE 
ELECTROMAGNETS 


MAXIMUM MINIMUM 


= 

beh * Efficiency * Cost 

* Field Strength Size 

* Stability Remanence 


For full details write to: 
NEWPORT NEWPORT INSTRUMENTS (Scientific & Mobile) LTD 
INSTRUMENTS NEWPORT PAGNELL BUCKS ENGLAND 


All Glass Requirements for Scientific 
Instrument Manufacturers and 
Research Workers 


Pian Ahead 


by eflectin@ nor the young man’s which 


: 
ves to a man under 395 Immediate life assurance 


@ SHEET & PLATE-GLASS—cut and 
ground to exact dimensions. 


over at lo cost and the sluable rieht to etlect 
within ten years turther assurances even thouel 


his health has b mne impaired 


@ LENSES, PRISMS & FLATS—to any 
standard of accuracy. 


Equitabl has shareholders and pa ! 
commission for the introduction of business 


unusually attractive terms can, therefore. be offere: 


Write today for details t 
The Equitable Life 
Assurance Society 


(Founded 1762) 
Head Offi 19 Coleman Street, London, E.C.2 


@ MIRRORS—back silvered and front 
surface aluminised, etc. 


@ BLOOMING of optical components. 


Cc. J. WHILEMS, LTD. 
ILFORD OPTICAL WORKS 
FOREST ROAD, BARKINGSIDE, 
ESSEX 


send mec, without obligation, details of the young 


Telephone HAinault 5454-5 


4 - 
j 
4 
Telephone: NEWPORT PAGNELL 401/2 
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APPOINTMENTS VACANT 


ROYAL NAVAL SCIENTIFIC 
SER VICE 
\DMIRALTY require SENIOR SCIENTIFIC 
OFFICERS /SCIENTIFIC OFFICERS at 
\ UNDERWATER WEAPONS ESTABLISH 
MENT, PORTLAND, DORSET 
(Ref. C69/1A) 

(1) Mechanical Engineer. Specialized in thermo- 
tynamics with experience in internal combustion 
ngine research and/or rocket propulsion ficid 
Minimum five years’ experience in either expected 
yome experience in appropriate instrumentation 
sential with design study work on components of 
ket systems or other propulsion gear. Turbine 
experience advantageous 
(2) Mechanica! Engincer with bias for one or 
nore of (i) hydraulically operated mechanisms, 


cluding servo-contro! ; (ii) mechanics of machines 
theory and practice); (iii) hydro- (or aero-) 
lynamics of fairly clementary character 


(3) Hydrodynamicist (or acronautical engineer) 
with some years’ experience for work on torpedo 
fynanmucs 

(4) Mechanical Engineers (servo-mechanisms, 
evro design and develop) Electrical Engineers 
Electronics / Design) Mathematicians (Opera- 
tonal research and theoretical physics). Physicist 
1coustics) 

#. GOVERNMENT COMMUNICATIONS HO 
CHELTENHAM (Ref. A43/1A) 

Physicists (Telecommunications) Mathemat 
ans Electrical Engineers (Electronics / Radar 
Telecommunications and Radio) 

C. NAVAL CONSTRUCTION RESEARCH 
ESTABLISHMENT, DUNFERMLINE 


(Ref. COO/1A) 
Structural and Mechamecal Engineers. Mathemat 
ul Physicists and Mathematicians, for teams en 
gaged on research problems f structural strength 
effects of conventional and nuclear weapons and 


levelopment of mew structural materials. Excelient 

pportunities and good prospects for promotion 

> ADMIRALTY COMPASS ORSERVATORY 
SLOUGH (Ref. 1A) 

Electrical or Mechanica! Engineers of Physicists 
nterested in gyro-techniques, ser mechanisms or 
eiectronics 

Qualifications for all posts first- or second-class 
honours degree or t in appropriate sub- 
ect Must normally be natural born British sut 
ects of natural born British parents. Senior Scien 
tific Officers must have bad minimum three years’ 


an be not ess than 26 


postgraduate experer 


Salaries: (A.) Senior Scientific Officer, £1,302 
to £1,604; Scientific Officer, £717 to £1,186 
BR. C. D) Senior Scientif Officer. £1,342 to 
£1,654 ; Scientific Officer, £738 to £1,222 

Appointments unestablished (with F.S.S.U_ bene 
fits) but opportunities for those between 2! and 
12 w compete for established posts 
Forms from Ministry of La r. Technical and 
Scientific Register (K). 26 King Street, London 
S.W.1. quoting appropriate reference and post 


AUSTRALIA 
COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH 
ORGANIZATION 


SOIL SCIENTIST 


The Organization's Division of Land Research and Regional Survey, Canberra, 
A.C.T., invites applications for the position of Soil Scientist from honours graduates 
in Science or Agriculwiral Science with research and field experience in soil survey 


Training in plant ex ay and geomorphology desirable. The work involves extensive 
use f aerial photographs and their interpretation 
The appointee will participate as a member of the Divisiwn's scientific unit which for 


fourteen years has been conducting potentiality surveys on the Australian Mainland 
and in Papua and New Guinea. Studies in ecology, gcomorphology, pedology, botany 
and climatology of the region are co-ordinated and the appointee will be expected 
to contribute to composite reports and publish individual specialist papers Initially 
the appointee will join the unit working on the Mainiand for three to four months 
im at least alternate years and the rest of the time at Headquarters in Canberra engaged 
n the mpilation of maps, reports and preparation { papers 

SALARY Dependent on qualifications and experience within the ranges: £A.1,510 
to £A.2,.265 per annum or £A.2,395 to £A.2,720 per annum 
Promouon within C.S.1.R.0. ws by merit and may ultimately ze «yond the upper 
mit of the scale within which the origina! appointment is made 

Fares paid. Further information on this and other conditions supplicd on applicau 


Mr. E. J. Drak Chief Scientific Liaison Officer, Australian Scientific Liaison Offic 
Africa House, Kingsway. London, W.C.2 
to whom applications (quoune Appointment N £70/92) should be addressed by 


May 15, 1961 


OLDCHURCH HOSPITAL 
ROMFORD, FSSEX 
(709 Beds) 
RADIOTHERAPY DEPARTMENT 
Senior Technician or Technician required for the 
above Department fe Physics Work 
shop, Isotope Laboratory. Radium and Mould 
Room work Instrun or Physics Workshop 
experience essentia Salary £570 to £710 per 
annum senior grade, £710 to £905 per annum 
would be applicable to suitably qualified person 
Applications, quoting Ref. 17/39, giving fu 
details, including age and ecxpericn together with 
names of two referees and/or copy of testimonials 
tw the Group Secretary. Romford H.M.C., Old- 
church Road Romford 


RHODESIAN SELECTION TRUST GROUP OF COMPANIES 


SOIL PHYSICIST 


Ihe Kafue Pilot Polder Trust in NORTHERN RHODESIA 
require the services of a Soil Physicist with training in modern 
techniques and preferably with experience of irrigation of heavy 
clays. The soils of the Polder are uncommon and present consider- 
able opportunities for new and original research 

A commencing salary of not less than £2,500 per annum is 
envisaged, together with liberal fringe benefits. 

Applications with curricula vitae should be forwarded to the 
address below. Applicants should quote the names and addresses of 
three referees, and also state a possible date of commencement 


Personnel Officer, 

Vainona Estates Limited, 

c/o Rhodesian Selection Trust Limited, 
P.O. Box 1479, 

SALISBURY, 

Southern Rhodesia. 


NOTTINGHAM NO. 2 HOSPITAI 
MANAGEMENT COMMITTEE 


Applications are invited from persons holding an 


ppropriate scien fevr the AR.IC., for 
appointment of Senior Biochemist within the 
Nottingham No. 2 Group of Hospitals The 

rson appointed w work nder the direction of 
he Chemical Path t at the City Hospital 


pped biochemical labora 
to £1,700 per annum 


where there is a fully eq 
ry Salary scale tl.. 


Apr ations, stating aec, experience and quali- 
ations, with the names and addresses of two 
eferces, should be sent to the undersigned as soon 
s possible 


H. HARGREAVES 
Group Secretary 
Nottingham 


THE INTERNATIONAL NICKEL COMPANY (MOND) LTD. 


requires 


ASSISTANT IN 
TECHNICAL INFORMATION SECTION 


h activities f the Section ver literat searching abstracting ranslating, 
ndexing and handling f inquirics Applicants should possess ig gd degree or 
quivalent (natural sciences or technology preferred) Know ledge Russian fs 
essential and additional languages would be advantageous Age sh d not exceed 35 

Pension and assurance schemes are in operation and, in appr at se assistanc 
can be given with housing 

Apply, eiving full particulars of qualifications, experience, age wlary required 
ete., 

The General M rT. Develop and Research Department, The International 


Nickel Company (Mond) Lid., Thames House, Millbank, London, S.W.1. 
Mark envelope “ Confidential, M.11.\." 


4 
| 
x 
if 
| 
Sherwood Hospita! 


April 1, 1961 


PHARMACEUTICAL RESEARCH 


A vacancy exists in the Pharmaceutical 
Research Laboratories, at Alderley Park, for a 


YOUNG GRADUATE 


(male or female) preferably with a knowledge 
of mammalian histology, for work in con- 
nection with toxicological investigations on 
synthetic drugs. Training will be given in 
Histopathology 

The Laboratories are amongst the most 
up-to-date and best equipped in the world, 
situated between Wilmslow and Macclesfield 
in pleasant though not isolated rural sur- 
roundings. 

Applications, with brief particulars, should 
be addressed to the: 


Division Staff Manager 
imperial Chemical Industries Limited 
Pharmaceuticals Division, Fulshaw Hall 
Wilmslow, Cheshire 


CYANAMID INTERNATIONAL 
AGRICULTURAL SCIENTIFIC CO-ORDINATOR 

FOR EUROPE 


to co-ordinate research development and technical 
services in Western Europe. 


‘ etermnars ial a east wr 


Applicants sh 


witt 
German 


st nt { anima 


mic traiming The possession of a higher degrec, a know 
experience appointment wil based in 


h 
good acad 
and «some 
London 
Salary commensurate with the dutics 
£2,500 per annum, with travelling cxpenses The ¢ 
Pension and Lite Assurance Scheme 


ymmercia ssentia 
f such an appointment and not less than 
mpany operates a contributory 


M.R.C.V.S., Regional Co-ordinauor 


Applications should be sent to Dr. W. M. McKay 
Bush House, Aldwych 


for Western Europe. Cvanamid International, London address 
London, W.C 2 


Applications are invited tor ‘ ; 
1 Department of Chemistry to a group 

particular to investigate th 


must have minimum of three years 
research experience 

£1,650 (bar); £1 
annum 


Children’s 

Part-furnished accommodation at rent not exceed- 
Detailed applications (six copics), naming 
eferees, by May 

University Council for 

2¥ Woburn Square, London, W.C.1, from whom 
rther particulars may be obtained 


IBADAN. NIGERIA ‘= invited to apply w this apr 
Research 
Public 


bit ncip | 
ttter | dualifications and experience » Box 961 
Cucur accac andidat« Sere Lid i Clem ian. 


African 
postgraduate | w ¢ ? 


West 


ANALYST OL ALIFIED 


of London Research Laboratories 
varied but mainly concerned 


Salary scales: £1,200 by £75 
725 by £75 to £2,175 per UNIVERSITY OF READING 
Passages paid for appointee, wife and | Demonstrators (two) in Department of H 
five children under 1! years, on appoint- 
termination 


FSS.U 


crops and ornamental plants respectively 


| 
overseas leave and 
success! candidates will 


annual 
car and outht aik 


pwances 
register for a higher degree 
| preferably ym developmental 
three vegrctable crop or ornamental plant 
1. 1961, to Sccretary, Inter- | in horticulture or botany essential 
Higher Education Overscas sor O. V. S. Heath, F.R.S 
Horticultural Research 

Grange, Shinficld. Berks 


per cent of salary physiology 


Laboratories 


RESEARCH 
ture, to assist with practical classes on vegetable 


be able w apply 
and carry out research 


Good degree 
Apply Profes- 


of agriculture 


University of Reading 
Shinfieid 


NEW ZEALAND 
FORESTRY DEPARTMENT 

Applications are invited for the undermenucnc: 
vacaney 

Vacancy No. 766. Assistant Mycologist, Forest 
Research Institute, Rotorua, N.Z. Forest Servic« 
Salary: Up to £1,165 with maximum at any point 
Appointee with suitable experience and qualifica- 
ions will be graded on the Scientific Officers scak 
which provides tor advancement up to £2,150 a 
year for outstanding officers Qualifications 
desired: M.Sc. or B.Sc. deerce in botany, forestry 
Duties Investigation of fungi 
with forest trees ind/or fungal 
Applicants should preferably be mak 
involves periods of field work in 

Passages: Steamer fares of up 


tssociated 
toxonomy 
as the posivion 
difficult country 


} to £165 cach tor the appointee and his wife, and 


P rata tor dependent children will be paid 
Incidental expenses: Up to £35 for a single person 
md £100 for a married man can be claimed t 
cover the cost of taking personal effects to New 


Zealand 


Application forms and further details are aval! 
able from the High Commissioner for New 
Zealand, 415 Strand, London, W.C.2. with whom 
ipplications will close on April 29. 1961 Please 
quote reference B13 & 1 when inquiring. 


ABSTRACTOR 


The Reed Paper Group has a vacancy for 
an Abstractor in one of the Group's Dk 
velopment Departments. 


Candidates, of cither sex, should have had 
Previous experience of abstracting and have 
the ability to grasp quickly the essence of a 
paper They should be able to write 
fluently, in a clear, concise style Know- 
edge of related work, ¢.g.. preparation of 
literature reviews, also desirable 


Applicants should preferably be graduates 
r have an adequate technical background 


Excellent conditions of service include 
assistance with house purchase and non 
contributory pension fund Ihe appoint 
ment will be tenable at Aylesford, Kent 


Written applications, with details of age 
experience and present salary should be ad 
dressed to 


The Group Personne! Officer 
Albert E. Reed and Co. Ltd 
Larkfield. near Maidstone, Kent 
quotine reference A/PBDI s 


MANCHESTER COLLEGE OF 
SCIENCE AND TECHNOLOGY 
(FACULTY OF TECHNOLOGY IN THE 

UNIVERSITY OF MANCHESTER) 
The Governing Body invites applications for 
tureships in Mechanical Engineering in 
corresponding tith and status in 
Manchester Candidates should 
major interest in Production Processes, 
rly Design Metal Cutting, Metal Forming 
natic Co in Thermodynamics or 
Mechanics The successful candidates 
required to assist the development and 
of Courses on these topics and to under 
h for higher degrees Salary 
l t ind experencc 
£1,400 by 7s 
and fami 
Condit 
ation ma 
Manchest 
Manchest 
pplicatior April 


STOKE 


MANDEVILLE 
AYLESBURY 

Assistant Biochemist required in the Area Pat 
Oay Laboratory based at the above Hospital. Ap 
pheants sh d pos or second-class 
honours deeree tbochemistry, of 
A R.LC. Whitley Council conditions of service 
Salary £925 to £1,150 per annum after (for new 
nmtrants only) a probationary period The pow 
fers a wide variety of experience in a we 
equipped and pleasant laboratory 

Applications, giving full details of qualificatwns 
etc., together with names of two referees, to be 
forwarded to the Administrative Officer as soon 
possible 


HOSPITAI 


; 
fers 
NATURE | 
: 
1 
Wha 
| 
4 
| 
| 
| 
| 
| 
+. | 
¥ 
j 
ies | 
| 
| 
= 
ty 4 
+ 
yet | 
age, | — — 
a 
a 
re 
3 
a 
* = 


BRISTOL SIDDELEY ENGINES 


RESEARCH 
PHYSICISTS and ENGINEERS 


Bristol Siddeley Engines Limited require qualitied men 
to work on problems of air-breathing propulsion at 


very high speeds in the following fields:— 


Properties of gases at very high temperatures. 
Combustion in supersonic gas streams. 
Heat transfer at supersonic relative velocity. 


For this work new test facilities are now coming into 
operation as part of the Company's planned ex pansion 
in this field 


Applicants should have had some relevant research 
experience. These are senior appointments and the sal- 
aries will match the high standards required 


If you would like to visit Bristol to discuss your parti 
epation wn this work, ple ase write, quoting reference 
25 61, to: —H. J. Thompson, Personnel Manager, Bristol 
Siddeley Engines Limited, PO Box 3, Filton, Bristol. 


RESEARCH AND DEVELOPMENT 
DIRECTOR 


FOOD 


for a British group of companies which has its parent organization in 
U.S.A. This is a new post and will be based in the outer London area with 
responsibility to the British Chairman for planning and directing the group's 
research and development programme, and the overall direction of quality 
standards and manufacturing processes. Salary will be in the £2,500 to 
£3,500 bracket with contributory pension scheme 


Candidates, 35 to 45, must have a science degree and at least five years’ 
industrial research experience including food technology, with managerial 
status. Please send brief details in confidence, quoting reference U.3220, 


to H. C. S. Brand 
MANAGEMENT SELECTION LIMITED 
17 Stratton Street, London, W.1 
in no circumstances will a candidate's identity be disclosed to our client unless he gives 


permission after a confidential interview at which he will be given full details of the 
appointment 


April |. 1961 


SENIOR INVESTIGATOR IN 
TROPICAL ANIMAL ECOLOGY 


The Committee of the Nuffield Unit of Tropi 
Animal Ecology intend to appoint a Senior | 


vestigator t& undertake research On a trop 

environment considered primarily as a habitat 

large mammals Appointment will be for fiv 
years and will have effect trom October 1, 1961 
or as soon thereafter as it is practicatie for U 
Person appointed to enter upon his duties I> 
apporntment of a Junior Investigator is expected 
to follow im the course of the first year it 


Semor Investigator will normally be station 
at Mweya in the Queen Plizabeth National Park 


Uganda, where hving accommodation will + 
provided but he will be xpected to spend tw 
periods of not less than six months cach working 
at the Zoological Laboratory, Cambridge Phe 
Council ot Makerere College has agreed that Ux 


Senior Investigator may be appointed as Hono-ary 
Lecturer in the Department of Zoology, Maker 
Collere The pensionable stipend will be with: 
the scale of £1,250 a year rising by annual imer 
ments of £50 to £1.400 and thereat £7s 
t1.850 a year The Committec 
years semority tor the 
determining the stipend In add 
he where applicable a NON-pens rabic verseu 
lowance not exceeding £300) a 
sary passages of the person appointd and > 
wife between Uganda and the United Kingdor 
he and non-rwer na hic ai 


3 


Further information can b btained trom th 
Secretary t the Nuffield Unit Department ot 
Zoology. Downing Street, Cambridge. Candidat 
should send their applications with the names 
and addresses of three persons t whom refer 

can be mad nd with supporting 
evidence they wish to submit. to the Secretary 
“as to reach him not later than May 70. 1961 


IMPERIAL COLLEGE OF SCIPNCE 
AND TECHNOLOGY 


PHYSICS DEPARTMENT 

Applications are invited for the tollowine posts 
in the photoclectronics section 

I ture Sala #1.050 by £50 & 
£1,400 by t7S to £1,550 (bar) by £75 to £1,850 pe 
annum, plus £60 per annum London Allowan 
and Family Allowance of £50 per child per 
annum membership Duties include 
teaching gencral physics and special advanced 
course, research 1 app ation of photocicctronics 
nuclear physics wtronomy, spa research, etc 

Research Assistant 


(Academic) to assist in re- 


research expernen pr 


£700 wo £1,100 per annum depending pon qualht 
cations, plus family a wane FSSt nember- 
ship 


Apply. with full personal and academ Getaiis 
and names of two referees, to Professor J. D 
McGee, Physics Department, Imperial College of 
Science and Technology. London, S.W 


BRADFORD INSTITUTE OF 
TECHNOLOGY 
DEPARTMENT OF CHEMICAL 
TECHNOLOGY 
Applications are invited for the post of Lecture 


in Physical Chemistry with special knowledge 
and or experience n Spectrophotometry and 
Colorimetry Salary scale in accordance with th 
Burnham Technica Award. namely. £1,370 1 
21.550 per annum Previous al or research 


experience at a suitable level may be taken t 
account in fixing the commencing salary 
Further particulars and forms of applicati 
may be obtained from the Registrar (Departmen 
F). Rradford Institute of Technology, Bradford 7 
HENRY PATTEN 
Clerk to the Governors 


APPLICATIONS ARE INVITED FROM A 
physicist or physical chemist to undertake research 
in connection with problems in food manufactur: 
Initial duties will be concerned with investigations 
into the rate of diffusion of moisture during the 
drying of confectionery and the person appointed 
will be expected to develop experimental tech- 
niques appropriate to the study The candidate 
must hold a university degree and should have 
some experience in the conduct of research 

Apply in writing to the Director of Research 
British Food Manufacturing Industries Research 
Association, Randalls Road. Leatherhead, Surrey 
giving details of qualifications and salary expected 
The post carries comparable pension and life in- 
surance rights Applications should be marked 
* Private and Confidential 
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April 196) 


UNIVERSITY OF LIVERPOOL 
Apphcations are invited for the following posts 
n the School of Dental Surgery: (a) Assistant 
Lecturer or Lecturer in Dental Biochemistry at 
an initial salary within the range £800 to 
per annum, according to age, qualifications and 
experience of the successful car : Applica- 
bons staung axc. Qualifications and experience to- 
gether with the names of three referees, should be 
eceived not later than April 30, 1961, by the 
Registrar, from whom further particulars may be 
yotained. Quoting reference CV/N. (b) Research 
Assistant in Dental Biochemistry to pursue in- 
estigauions into the metabolism of bone and teeth 
ippointment will commence in September 
and will be for one year in first instance 
but renewable for a maximum period of two 
further years. The holder of the appointment will 
vave the opportunity to read for a higher deerce 
Applicants should hold a good honours dcerce in 
chemistry The salary for the first year wi 
£500 
Applications, Stating age, nationality, qualifica- 
nS and experience, together with the names of 
reterees, should be received by the Registrar 
1 later than June 30, 1961 Quoting reference 
CVIN 


GRADUATE CHEMIST AND 
SENIOR TECHNICIAN 
\ New Zea engaged in 
a rdustry 
persons who 
who have had 
ndustral chemica 
would receive 
Zealand and 
ompany for 
Bona tick 
nstance by 
Watkins Limited ; New Plymouth 
New Zealand i 
Shich should 
hie eivine 


xpericnce acco copies 
be made 


(preferat 


Ivon Watkins 
actively engaged 
hemical industry and 
tO graduates and technicians wit 
n chemical industry 


QUEENSLAND INSTITUTE 


MEDICAL RESEARCH 
BRISBANE, AUSTRALIA 
Apphecations are invited for the position of 
Ihrector of th The duties are 
1) to direct research nd control research 
ff of the Institute, ontinue to develop 
the Institute on a comprehensive research basis 
(3) to plan the permanent housing of Institute 
fate. research has been almost entirely in the 
communicat disease The salary is 
per annum Tenure is r seven years 
r reappointment Technical and 
other than term appointees, such as the 
are subject to ¢ Public Service Acts 
ind administration gencrally follows Public Service 
practice Appointee will be required to com- 
nence duty as early as possible after August 1 
1961 
Applications close April 30, 1961, with 
Agent-Genera!l for Queensland, 409 and 410 
Strand, London, W.C.2. from whom intending 
applicants should obtain application forms and 
further information 


U.S.A 
UNIVERSITY OF ALABAMA MEDICAL 
SCHOOL 
GENERAL BIOCHEMIST 
Biochemist required for Gastroenterology Re- 
search Laboratories with special interest in gastric 
secretion (electrolytes, pepsin), small bowel absorp- 
tion and lipid analysis Research experience cssen- 
tial. Starting salary according to experience, but 
would not be less than $7.000 per annum 
MEDICAL TECHNICIAN 
Medica! Technician required for Gastroentero- 
ogy Research Laboratories with special! interest in 
gastric secretion (electrolytes. pepsin), small bowel 
absorption and lipid analysis Research experi 
ence desirable but not essential 
Applications should be addressed to 
Basil I. Hirschowitz, M.D 
Director. Division of Gastroenterology 
University of Alabama Medica! Center, 
Birmingham. Alabama 


NATURE 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 


Applications are invited for a Lectureship in 
Mineral Technology Salary in ranee £1,050 to 
£1,850 per annum, according to qualifications, plus 
t60 per annum London allowance, family allow- 
ances and membership The successful 
candidate will be required to organize and take 
charge of a course on the chemical and engineer- 
ing principles of liquid-solid and gas-solid pro 
cesses for the treatment of ores and minerals, in- 
cluding leaching, drying and roasting. He should 
also be qualified to conduct and supervise research 

fel 


‘ 


Applications, with full details of qualifications 
and experience, to Dr. M. G. Fieming, Imperial 
College of Science and Technology London 


THE DISTILLERS COMPANY LIMITED 


EMULSION PAINT 
PFECHNOLOGIST 


Kes Vr 
diary 


in us- 
assessment 


deve 


Write: 
MANAGER 
DISTILLERS COMPANY LIMITED 
21,22 BOLTON STREET 
LONDON, 


Quote Ref. 


XIX 


LINCOLNSHIRE RADIOTHERAPY 
CENTRE 
PHYSICS LABORATORY 

yications are invited for the post of 
Technician in the Lincolnshire Radio 
rapy Centre now being set up at St. George's 
spital, The work involved is the 
ise of various types of lsotopes both on patients 
for diagnostic studies and Therapeutic treatment 
and also experimental studies Candidates should 
have a good school record with passes in physics 
and mathematics at “‘O” of Advanced Level ot 
the GCE or ON« in applied physics or 
Inter BSc. of equivalent qualifications Salary 

scale at age 21, €570 to £710 per annum 
Applications, giving details f education, quali 
fications and experience, together with the names 
twe referees should 1ddressed to the 
Group Secretary, Lincoln No. | Hospital Manage 
ment Committee, County Hosp'tal, Lincoln, trom 

“whom further particulars can be obtained 


JOHN INNE 


S INSTITUTE 
ted n Mmochemists bie 
chemists with an interest 
r positions on the staff 
Department at the John 
Innes Institute work of the laboratory is 
broadly based problems in the 
and biochemist amma! and plant 
rent investigatior clude studies on biology 
and chemistry © | acids, on nuclieo-cyto 
plasmic interrelationships and on factors con 
trolling cell multiplications The appointments 
are at various levels and will interest both estab- 
ished investigators and those who might profit 
by a period of collaboration with senor workers 
Inquiries sh be addressed to the Head ot 
the Departmen f Cell Biology, John Innes Insti- 
tute, Bayfordbu Hertford, Herts, from whom 
further information may be obtained 


INSTITUTE OF 


OPHTHALMOLOGY 
(UNIVERSITY OF LONDON) 
JUDD STREET, LONDON, WC.1 

A vacancy exists for a Technician in Research 
Department Previous experience of histological 
techniques an advantage Salary according to 
recognized scales 

Further particulars from and applications in 
writing, with names of two referees, to Secretary 
at_ above address 


UNIVERSITY OF ABERDEEN APPLICA 
tions are invited from suitably qualified persons to 
operate (and maintain) an electron microscope to 
be installed shortly for scientific and medical de- 
partments within the Univers ty Experience of 
operation and maintenance of an electron micro- 
scope essential and knowledge of electronics and 
high vacuum technique an advantage Salary on 
scale £690 to £815 per annum, plus appropriate 
supplementation for qualifications Applications 
with names of two referees, to Secretary to the 
University, Marischal College, Aberdeen, by April 
10, 1961 


PETERBOROUGH JOINT 
EDUCATION BOARD 

PETERBOROUGH TECHNICAL COLLEG! 
Applications are invited for the following full 
time appointments for September 1 i961 1 
Grade B Assistant to teach Biology to GC. 
1 and to Pre-nursing Classes with 
Science 2 Grade B Assistant 
Get Advanced Level and 
Por these posts enther teacher 

experience an additions 
mmendation Salanes in accordance with 
Burnham Technical Scales with allowances tor 
jouree and approved industrial commercial ex- 
1700 rising to t1.150 per 

innum 

Further particulars and forms of application 
ned from the Principal, Peter borough 
Lasterfield Road, Peterborough 
hould turned within 


SOUTH-EAST ESSEX TECHNICAI 


COLLEGH 
LONGBRIDGE ROAD DAGENHAM 
Required September Assistamt Lecturer (Grade 
in “Metallurgy Applicants should have 
or equivalent qualification, with teaching 
xperience, and be able to teach to Higher 
National Certificate standard Industrial experi- 
desirable Salary scale £700 by 
: 10s » £1.150 per annum, plus London 
llowance ( r £51) In assessing the com 
increments above the scale mim 
allowed for approved teaching, re- 
dustrial experiena and national 
rvice Additions to the salary scale will 
be allowed tor approved training and qual tica 
tions if im accordance with Burnham’ Further 
Education Report 
Application form and further particulars from 
the Clerk to the Governors 


SULLY HOSPITAL SULLY PENARTH 
Glam Semor Brochemist required Ihe hos 
pital is Regional Thoracic Centre for treatment 
of all thoracic, including cardio-vascular condi 
tions, in adults and children, and has tull patho 
ogy, surgical and medical facilities, with cardi 
respiratory laboratory and animal research labora 
tory Work will include co-operation with surgi 
cal colleagues im research projects, and individual 
esearch will also be encouraged N.H.S. cond:- 
tions and salary (£1,250 to £1,700 per annum) 
Applicants should hold appropriate scence degre: 
f University of England. Wales, Scotland of 
Ireland or Associateship or Graduate Membership 
t the Royal Institute of Chemistry or such other 
qualification as may be approved tor the purpose 
by the Minister of Health.—Form of application 
trom Group Secretary, 44 Cathedral Road 
Cardiff 


FORESTRY COMMISSION ALICE HOLI 
Research Station, Farnham, Surrey Svrentitic 
Officer (man or woman) for work on soils and 
nutrition of forest crops Pensionable post for 
Physicist interested in biology or Biologist in 
terested in physics and instrumentation Age it 
least 21 and normally under 29 on December 31 
1961 Qualifications: normally a degree, or Dip 
Tech., with first- or second-class honours, or equi- 
valent Final year students may apply Training 
in Soil Science not essential Intermm salary 
scale £717 to £1,186 Starting salary may tx 
above minimum Application forms obtainable 
trom Civil Service Commission, 17 North Audley 
Street, London, W.1, quoting §/52/61/AH. Ap- 
plicants wishing to visit the Research Station, 
or obtain turther particulars of its work, may 
write to the Chief Research Officer at Alice Holt 
Lodge 
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TURE 


Division of Coal Re 
qualified chemist 


The Orwanication's 


from 


sses 


of the fuel bed pro 


Promotion within C.S.1.R.0. is by 
limit of the scale with n which the orig 


Africa House, Kingsway, London, W.C.2, 


May 6, 1961. 


for 


earch 


the 


merit and may 
i appointment is made. 
Fares paid, and if appointment is mot extended return fares abso puid. 
particulars of conditions, etc., supplied on application to: 
Mr. E. J. Drake. Chief Scientific Liakon Officer, Australian Scientific Liakon Office, 


AUSTRALIA 


COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH 
ORGANIZATION 


Division of Coal Research 


Sydney 


follow 


ng 


Applicants should hold University Degree or Diploma in Science or 


invites apphcution 


positions 


PHYSICAL OR INORGANIC CHEMIST 


(No.: 480/349) 

As part a programe nt the mechanisms t deposits h 
reside { boiler tubes. a Research Officer initiate research into the 
behaviour of the imoreanic constitucnts im reactions t fused salts 
and rorgan oxides at hieh temperatures i be honours graduates 
n Inorganic or Physical Ch ry (or equivalent) with some years’ postgraduate research 
experien experience in thermodynamics an advantauc 

The appointment is offered for a pe vl thr ve 

SALARY Dependent ilifications and cxper the rane 1 

£A.2,265 nun 

(No. : 480/350) 

The appointee will assist yostigation nto the processes nbust and asitica 
tion in beds of solid fuc na pilot plant scak He will be responsible tor the 
instrumentation and peravion of a high-intensity down-draft furnace n which the 
influence of fuel propertics on acrodynamics, gas composition and temperatur atll be 
stud ed The work involves corrciation expermmental data with theoretica tudics 


Engineering (or 


equivalent qualifications) with experience in fuel technology fr pike plant and an 
terest th ame mathematics to industrial problems 
iNo 480 351) 

The appoimtes arry out in Stigations into the rclathonship between the physica 
snd chemical properties of molten slags A Nernst Tamman turnace is availablic, and 
the appointee will be responsible for the development of suitable methods of slag 

scometry Representative val slag e produced in a cyclone slagging combustion 

turnace and he ec form an nicura par sp ast group 
engaged on the elucidation of problems connected with the use of Australian coals 
for mt ton and gasification in industrial furnac 

Applicants should possess a University degree or Diploma in Science, of cquivalent 
qualifications, with experience in the ficld of physical chemistry or physical metallurey 


The appointments are for three years only ; every endeavour will be made to find 
alternative employment at the end of ths period. 
Salary : Dependent on qualifications and experience within the ranges: £4.1,620 to 
€4.1,950 per aneum or £4.2,070 to £4.2.330 per annum. 
Salary for women will be £4.180 per annum less than corresponding rates for men. 
ultimately go beyond the upper 


Further 


to whom applications (quoting relevant appointment number) shoold be addressed by 


UNIVERSITY OF BELFAST 


The Sen the Queen's t versity ot Beit 
nvit app for an Assistant Lectureshir 
n Phys m October I, 1961 An intcrest 
n th et j r experimental plasma physics is 
fesirat Salary scale £800 by £50 1 t9S0 plus 
FSSt Initial placing on the scale will depend 
na fications experience 

Applications should be received by April 29 
196! Further particulars may be obtained trom 
G. R. Cowie. MA LL.B., J.P.. Secretary 

ASSISTANT TO THE CHIEF 


ENGINEER 


Painton & Co. Ltd manufacturers of high 
quality mponents for the Electronics Industry 
sre expanding their act ics and wish to appoint 
wm Assistant to the Chief Engincer Applicants 
must be graduates in physics or clectrical engineer- 
ng. have expericn » the design and develop- 
ment of electronic components and be able to 
carry executive authority This is a staff appoint 
ment with superannuation scheme 

Applications to the Personne! Officer, Kings- 


Northamptor 


ROYAI VETERINARY COLLEGE BIO 
my Technician required to work at the Royal 
Veterinary College assisting Research Fellow ot 
the Zoological Society of London in Physiologi- 
al and animal breeding work. Experience desir- 
ab Salary scal £490 to £6°5 per annum 
plus I lon weiehting Starting point according 
to age and experience Qualification allowance 
pavate in tain circumstances Particulars in 

ting to Assistant Secretary, Roval Veterinary 
Col Roval College Street, London, N.W.1 

AN ORGANIC CHEMIST IS REQUIRED 
») assist in a project of research int the com 
position of cottonseed of] and the properties of 
ts glycerides The post offers good opportunities 

f h. and results of the in- 

Stigation w available for publication The 
andidate sh hold a university deerce in 
hemistry in writing to the Director of 
Research British Food Manufacturing In- 
dustries K Association, Randalis Road 
Leatherhead. Surrey. givine details of educational 
qualifications and experience, and state salary 
expected The post carries comparable pension 
and life insurance rights Applications should 
be marked Private and Confidential” 


\pril 1, 1961 


BROMWICH AND DISTRICT 
HOSPITALS MANAGEMENT 
COMMITTEE 
(GROUP NO. 18) 

MIDLAND CENTRE FOR NEUROSURGERY 
SMETHWICK 
Research Biochemist. Hospital devoted to treat 
ment of diseases of the nerve system requires a 
medically qualified biochemist or graduate chemist 
sith honours degrec and experience in protein or 
enzyme chemistry to conduct research in collabora- 
tion with the Pathologist into effects of diseases 
f muscle structure, and metabolism. There is a 
equipped laboratory available and facilities 
including supervision tor a higher degree will 
available at the University 
partment of Chemrstry 41.250 wo £1 
per annum vMment w tor two years in 
the first place The laboratory be visited by 
arrangement with the Pathologist, Dr. A. 1 


sus 


well 


may 


‘vitae and name 
should be sent to the Group Secre 

Bromwich and District H.M.C 
West Bromwich 


Applications curric 
f two referees 
tary West 

Edward Street 


UNIVERSITY COLLEGE 
NORTH WALES 

BANGOR 

nvited for a Lectureship i 
the Department of Physics The main research 
interests in the Department are Solid-state Physics 
and Molecular Physics The salary scale is £1,050 
by £50 to £1,400 by £75 two £1,850. and the initia 


giving 


OF 


are 


Applications 


salary will be according to qualifications and ex- 
perience In addition there are F.S.S.U. benefits 
and family allowances The appointment will dat 


from October 1, 1961 
Two copies of the application should reach the 


lowe North Wales 


Registrar, University Cx 

Bangor, from whom further particulars may t« 

obtained, not later than April 24, 1961! 

LINCOLNSHIRE RIVER BOARD 
APPOINTMENT OF TWO) RIVER 


INSPECTORS 


Applications are invited for the above-mentioned 
appointments Preference will be given, in the 
case of one of the appoimitments, to persons in 
possession of the Associateship Cert ficate of the 
Institute of Sewage Purification and in the cax 
{ the other appointment to persons su tably qual 
fied in thology The salary will be in accordanc: 
with Grade APT (2815 to £960) plus a 10 hop 
ar travelling allowan 


vWf these appornt 
Board's Fisheric- 
Bargate, Bostor 
submitted to the 
later than 90 


Full details of the duties, etc 
ments can be obaincd from the 
Pollution Officer. 50 Wide 

Applications must be 
under-mentioned to arrive not 


April 17, 1961 
G. FE. PHILLIPPO, 
Clerk of the Boerd 


SO Wide Bargat 


Boston. Lines 
INSTITUTE OF 
OPHTHALMOLOGY 


(UNIVERSITY OF LONDON) 
JUDD STREFT. W.C.1 

A vacancy exists for a Senior Technictan fu 
work with Electron Microscope Expenence © 
normal histological techniques essential, Salary 
according to recognized scak 

Further particulars trom and applications 
writing. with names of two referees, to Secretary 


ut above address 


SENIOR TECHNICIAN, GRADE | 


Applications are invited from Fellows or Ass 
jates of 1.M.L.T. qualificd in histology tor a 
vacancy occurring shortly in the Department of 
Morbid Anatomy The post could be filled or 


qualification 
work will be 
Pathologs 


junior basis according t& 
ience Of applicants The 
partly with experimenmal 
Salary based on Whitley Council scale 
Applications to Dr. Martin Bodian, Depart 
ment of Morbid Anatomy, The Hospital for 

Sick Children. Great Ormond Street, WC 


more 
ind cxper 
concerned 


FOR BIOCHEMICAL RE 
search required by University Medical Schoo! 
1.M.L.T. (Technician Grade) or equivalent quali 
fications or previous work in chemistry or physics 
required Scope for some administrative work 
and work with an ultracentrifuge Salary in ac- 
ordance with Whitley Council scales Applica 
tion forms. to be returned within seven days 
from the Sccretary, Institute of Psychiatry, the 
Maudsley Hospital, Denmark Hill, S.E.S. (Ref 
USAF Bio) 


TECHNICIAN 


| 
| : 
{> 
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April 1, 1961 


FRUIT AND VEGETABLI 
CANNING AND QUICK 
FREEZING RESEARCH 

ASSOCIATION 


search 


MANSFIELD HOSPITAL 
MANAGEMENT COMMITTEE 


Whole-ume B ) (non-resident) required 
for hospital t hem rk in the Mansfield 
Area Pathology Service The salary is that of 
the N.H.S. Basic Grade with a maximum of £1,035 
per annum, the commencing salary being depen- 
dent upon qualifications and expenence 

Applications to Hospital Secretary, King’s Mil 
Hoxpital, Sutton-in field, Notts 


FARMING RESEARCH 
ORGANIZATION 


ns a vited from era 


the Scie fic 
head 


rms may 
Organiza 
gh. 12 


Apr 


NATURE 


SIVERSITY OF DURHAM 
CHAIR OF ZOOLOGY 
Applications are 
ogy tenable in the Durham Division of 
University Salary in cordance with the p 
fessorial scale (£2,600 to £3,000 a year), w 
amily allowance and membership of F.S.S 
The suc f < fidate will be required 
ip duty on August 1, 1961, or such later d 
as may be arranged 
Further particulars may 
indersigned, with whom applicauons (12 
must be jodged not later than April 22, 
(Candidates outside the British Lsies 
me copy only 


be obtained trom 


REGISTRAR 


or 


Ba 


University 
46 No 


rth 
rth 


invited for the Chair of Zoo 


the 

ro 

ith 


to take 


aie 


may submit 


MICROBIOLOGISI 
(Femak Aged 30) 


ree 


quired with a d 
eneral Scoence in a 


The succ 
nm intere a varying 
NOlogical 

cf 2 al acti 

The post is situated 


holds securi 
promot 


this posit 
and perso 


can fi 
ng career 


Personnel Manager, 
Beecham Research Laboratories Ltd., 
Great West Road, Brentiord, Middx. 


UNIVERSITY OF MANCHESTER 


Applications are invited for the post of Lecturer 
the Departments of Botany and 

Science Candidates 

in the subject so as 

f both depart 

October 1, 1961 

Children’s Allowance 
£900 to £1,650 per 
Jing to qualificauons 


sent not later than 
egistrar, the University 
further particulars 
obtained 


d be April 
Man- 
from whom and 


application may be« 


GLASSBLOWER 
CHEMISTRY DEPARTMENT, QUEEN'S 
UNIVERSITY, KINGSTON, ONTARIO, 

CANADA 
4 Glassblower is required for the Chemistry 
Yepartment. Salary according to qualifications 
Please write, including two recommendations, 
Dr J. N nes 


UNIVERSITY OF MANCHESTER 
Applications are invited for the post of Assist 
ant Lecturer in Inorganic Chemistry. Salary on 4 


forms of 


| scale £800 to £950 per annum, with membership 


of the and children’s alkowance scheme 
Applications shouki be sent not later than Apri 
1S, 1961, to the Registrar, the University, Man- 
vester 13, from whom further particulars and 
forms of application may be obtained 


LEICESTER ROYAL INFIRMARY 
lications are invited for the post of Tech- 

n the Phys Department 

1 with the appli 
ining will 

involved 

uld have 

in physics 

an equivalent 
ann 


mc 


qu 
with jal increments 
stating qualifications, 
etc., to the Se 


pre- 
retary 


UNIVERSITY COLLEGE 
ADDIS ABABA 

ETHIOPIA 

ting. English Language and 

Pharmacy, Biochemistry 

Botany, matics 

) omparative 

to £2,500 

ching experience 


Z 


ns and t 
Sage 


ersity College, P.O.B 


ONTARIO VETERINARY 


COLLEGE 
ONTARIO 
nvited for an a 


GUELPH 


anons 


CANADA 
ppointment as 


ing experence 
undergraduate 
pharma 
search im some 

A curriculum 
addressed to Dr 
Head. Department 


and be 
aspect 
vitae 
H. G 
f Pt 


UNIVERSITY OF ALBERTA 
DEPARTMENT OP CHEMISTRY 
TEACHING ASSISTANTSHIPS 

$2.200 to $2,700 for eight months are open to 
qualified students proceeding to advanced degrees 
Nine hours per week laboratory instruction 
required Active research programmes in analyti- 
morgan yrganic, physical and theoretica 
Travel allowance 
Professor Harry E. Gunning, Head 
of Chemistry, University of Alberta 
Aiber Canada 


of 


Department 
Edmonton 


OF HULI 
ited for a R 
Department 
1961 y inda 


in 


UNIVERSITY 

lications are in 

the Chemistry 

from September 1 

work on 

mt industry Salary ¢ 

a Ph.D. degrec r equivalent 

required 

Applications (four 

Chemistry, from whom 
be obtained Closir 


search Fellow 


nabl for 


»ympounds 
£RS0 per 


experience 


the Professor of 
information may 


24 


pies) to 
further 
date April 


COLLEGE OF 
PTFCHNOLOGY 
IN 


IMPERIAL 


SCIENCE AND 

POSTDOCTORAL FELLOWSHIP 
SPECTROSCOPY 

Applications ar nvited for 


wship tor 


A 


£900 per annum with 


part 
| 


FLAME 


£450 


UNIVERSITY COLLEGE OF 
NORTH STAFFORDSHIRE 
ations for the post of Dem 


ation 


nvited 
The 


mistry 


gistrar, T 
rther pa 


he 
rm 


be obtained 


RESEARCH ASSISTANT REQUIRED Fé 
human |! 
sho 
phy 
the p 
rnal Ph 
£6 
Apply 
School 
Keppel Street 


fon 


ng functK 


i 


ost 
D 


PHARMACOLOGIST 
rk in London tor the first 
department and 
reated Research 
Non-contributory 
Scheme and ex 
omotuon 
details of age, quali- 
and salary required, 
ing Director, Biorex Labora- 
tories Limited, 47-51 Exmouth Market, Lon- 
don, E.C 


ASSISTANT 
Pensionable post at St 
ibrary and 
und =Wild- 
ally under 
pre- 
biological 


NATURE CONSERVANCY 
Experimental 
Ive Hunts 


rmation 


ns 


four 
entific sut 
rary work 
Starting 
(at 1%) 
£957 Write Cis 
Audley Street, 
form, quoting § 
tion ad cd 


yndon, W.1, for an 
94-95 61/TCWS. Early applica 


RESEARCH ASSISTANT WANTED AT 
Stoke Mandeville Hospital to he!p with current re- 
an nological project connected 
imatoid Arthritis The person appointed 

firectty with the Pathologist under- 
research Salary £750 w £1,000 per 
wding to qualifications Inquiries and 

giving details of experience and the 
referees. to the Pathologist, Stoke 
Aylesbury, Bucks 


search on 
with 
would work 
taking the 

annum acc 

applications 
names of two 
Mandeville Hospital 


imm 


STATISTICIAN REQUIRED FOR AGRICUL- 
tural Research C I's Unit of Statistics (Univer- 
sity of Aberdeen Applicants should have a good 
hon irs oce in mathematics or scence and 
knowledge of statistical techniques as applied to 
agriculture biology Appointment in Scientific 
Officer (£738 to £1,222) or Senior Scientific Officer 
(£1,342 to £1,654) grade according to age and ex 

Superannuation under P.S.S.U Appli 
with names of three referees to the Secre- 

sricultural Research Council, Cunard Build 
15 Regent Street, London, S.W.1, not later 
April 22, 1961 


GRADUATE CHEMIST PHYSICAL 
Chemist (age 23 to 30 years) is required for work 
hniques emp the fractionation of 

in human plasma This work includes 
lopment of laboratory procedures for use 
production scale This post provides 
opportunity of gaining experience in 
o-chemical methods of separating proteins 

Apply writing, Stating age, qualifications and 
experience, and with names of two referees, to 
Secretary, Lister Institute of Preventive Medicine. 
Elstree. Herts 


yun 


perience 


n yed in 


| 
| 
i 
Ag 
There ar lia acancy f an’ Assistant ee 
Research Chemist to continue an investigation into 
th hemical constitution of fruits Experience | S 
r at phy would be an advantage 
a h a degree in chemistry is essentia keen and 
i? + mterest and experimental ability are preferred to Applicat 3 
high acaden qualifications The results of the 25. 1961. t 
work w be freely available for publication hester 13 
Applications, stating age, qualifications. experi- | 
salary requir und the names of two 
referees, should be sent to the Director, 
| 
| 
| 
| 
| 
‘ 
engagec 
— say of 
s and 
HILI 
4 | f row 
Applicat: ates (male | well-equipy and it wi | 
ix or or trom those apecting ate | be necessary for the applicant to maintain 
ak in 1961, for a vacancy as Head of rs and control this important section ae 
Records Section at the Organiza 
i ; quarters in Edinburgh Candidates should have | The futur ty and early oppor- a 
ae studied mathematics of Statistics as @ principa | tunities for together with the | = 
a ie subject in their university yurse The appoint isual benefits and ex t starting salary | a 
ment w t n either the Assistant Experimental | 
Pons ay ng to experience, the appropriate salary scales ipply in writing, giv! nal a 
™ Fs being as f ws Assistant Experimenta! Officer, | details to date, to Rp 
£645 (age 22) to £983 per annum: Experimenta! 
3 ort £1.08 » £1.33%6 per annum 
he ned from the Secretary of the | 
aa tion a 48 Palmerston Place. Ed | ar ey 
Closing date for applications is 
| 
life Section Age: at =) 
Lect 28 on December 31, ! 
Literat Postdoctoral | ferably degree in chen 
Inorga Spectroscopy or | subject. Alt with 
Pe ey Phys , related subject, sponsored by General Motors | sub 4 
Anat | Corporation, Detroit, U.S.A 1 the Department ts at 
accord Chemical Engineering, Imperial! College, under and 
Accommoda lthe supervision of Dr. A. G. Gaydon. F.R.S lary 
Phi Apply to President, | family allowances and 
Pig 399. Addis Ababa. Ethior iFSSI 
— | Further s from Dr A. G. Gaydon 
is y ts should ha a Ph_D. and teac strator 
The candidate will lecture to | from September 1, 1961 
postgraduate students in | per annum 
xpected to undertake re- | Applications should reach the R 
hee { references should be | culars and application forms may a 
eee Downie. Professor and | not later than April 14, 1961 ¥ 
= +) 
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| 
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NATURE 


AUSTRALIA 


COMMONWEALTH SCIENTIFIC 
ORGANIZATION 


terest of math 


Ihe appointments are for three years only ; 
alternative employment at the end of ths period. 
Salary : Dependent on qualifications and experience w 


Salary for women will be £4.180 per annum less than 
Promotion within C.S.1.R.0. is by merit and may 
limit of the scale with on which the original appointment > 


Africa House, Kingsway, London, W.C.2, 


May 6, 1961. 


AND INDUSTRIAL RESEARCH 


Division of Coal Research 


Tie Orwanization's Division of Research, Sydney invite n 
rom qualified chemists for the following positions 
(No 480/349) 

As part 4 proara tw ne chan { deposits 
ese { boiler Research Officer ir trate research « 
chaviour of the i u stituent n coals nto the ct J salts 
ind re ondes at high Apr! ts sh d be h irs graduates 
r Physica h stry some years’ postgraduat arch 


(No.: 480, 350) 

The appoint will assist the pr t j 
tion in bed { solid f n pilot plant scal He will be responsible tor the 
instrumentation and peration high-intensity Cown-dralt na n which the 
influence of fuel propert acrodynamics, ga mMpPosity and temperature 

j The work f expermmenal data with theore 

f the fuc! bed p sses 

Applicants should hold University Dearce t Diploma in Science F ngineerin 

equivalent qualificatons) with experen in fuc technology t mil ant ar 


(No 480 351) 
The aps t “ arty out tigations the relat ship betwee the phy ‘ 
“tf chem propertics of molten sla A Nernst Tamman turnace ivailable, and 
the ppointce w be responsible for th devclopment of sutat methods of slag 
netry Representat ve shag produced m a cyclone agging combustion 
furna und the nee mn n sar ‘ 
ngaged > the lucidatior ff probi mnected with the » f Australiar al 
Apr ts d possess a versity degre: tr Diploma im Science or cquivalent 
qualifica with cxperence » the ficld of physical chemistry or physical metal uy 
every endeavour will be made to find 


£4.1,950 per annum or £4.2.090 to per annum. 
ultimately go beyond the upper 

Fares paid, and if appointment is not extended return fares abso puid. 
particulars of conditions, etc., supplied on application to: 


Mr. E. J. Drake, Chief Scientific Liakon Officer, Australian Scientific Liaikon Office, 


to whom applications (quoting relevant appointment number) should be addressed by 


ithin the ranges: £4.1.620 to 
corresponding rates for men. 


s made. 
Further 


UNIVERSITY OF BELFASI ROYAL VETERINARY COLLEGE. BIO 
Sen the O of B jlowy ian required work at the Rova 
Sor am | Veterinary Colles assisting Research Fellow of 
October 1. 1961 Am interest | Z gical Society of London in Physiolozi- 
plaema physics animal breeding work. Experience desir 
csirat Salary ile £800 by plus b Salary sca £490 to £675 per annum 
placing on the Sepend | don w iting Starting point according 
nu ind experience to age an n Qualification allowance 
an be ceived by April » n 1 circumstances.-— Particulars in 
196 Further particulars may be obtained tron “ to Assistant Secretar Roval Vetermary 
3. R. Cowie, M.A., LL.B. J.P... Secretary Roval Collexe Street, London. N-W.1 
AN ORGANIC CHEMIST IS REQUIRED 
ASSISTANT TO THE CHIEF assist in @ project Of research into the com 
sit f onseed and the properties t 
NGINEI ER its glycerides Ihe od 
Paint & Co. Ltd manufacturers of high ental rescar sults of the in- 
quality mpone s for th Electronics Industry tiga “ be ava publication The 
sre expa their act ies and wish to appoint indidate should hold university degree 
n Assistant to t Chief En r Applicants | chemistry Apply ” to the Director of 
must be gradua n ph sor trical engineer Re rch Th British <d Manufacturing In 
g. have expe the design and devciop- Jus s R arch ition Randalls Road 
ment of electron components be able to | Leatherhead. Surrey details of educational 
arty cxecutive a rity This is a staff appoint | qualifications and « and state salary 
ment with superar ition scheme | expected The pm arrics mparable pension 
Applications to Personn Officer, Kings- | and lite insurance Applications should 
N be marked Privat and Confidential 


rthampt 


April 1, 1961 


WEST BROMWICH AND DISTRIC I 
HOSPITALS MANAGEMENT 
COMMITTEE 
(GROUP NO. 18) 


MIDLAND CENTRE FOR NEUROSURGERY 
SMETHWICK 


Research Biochemust Hospital devoted to treat 
ment of Jiscases f the ner ms System requires 4 
nedically qualitied t hemist or graduate chemist 
sith honours deare and experience in protein or 
nzyme chemistry t ynduct research in collabora- 
tion with the Path gist into effects of diseas 
€ muscle structure, and ta sm There is a 
well quipped laboratory available and facilities 
including supervy r a higher degree will be 

ailat ut the ty B vzham, De 
partment of Chemistry. Salary £1,250 to £1,700 
per annum The appointment r two years in 
the first place The ry may be visited by 
urraneement with th Path Dr 

Applications, giv urr im and nam 

f two referees, should be sent to the Group Secre 
tary West Bromwich and District HMC 
Edward Street Bromwich 


UNIVERSITY COLLEGE OF 


NORTH WALES 
BANGOR 

Applications are invited for a Lectureshi; 
the Department « Physics The main research 
interests in the Department are Solid-state Physi 
ind Molecular Physics The salary scale is £1,050 
by £50 to £1,400 by ¢ to £1,850. and the initia 
salary will be according to qualifications and ex- 
pericn In addition there are F.S.S.U. benefits 
and family allowances. The appointment will dat 
from October 1, 

Two copies of the application should reach the 
Registrar, University Colles North Wales 
Bangor. tr whom further particulars may t« 
ybtained, mot later than April 24, 1961! 


BOARD 
RIVER 


LINCOLNSHIRE RIVER 
APPOINTMENT wo 
INSPECTORS 


Applications arc invited tor the above-mentionc 
«Pporntments Preference will be given, in th 
we of one h mime nt persons tr 
possession of the Cert ficate of the 
Institut | Seware and in the cax 
th ther apporntmn Su tably qual 
hed in bio y The salary w be in accordan 
with Grade APT II 815 to £960) plus a 10 he 
ar travelling allowan 

Full details of the dutics, et vf these apr 
ments can be obvained from the Board's Fisher 

iP t Officer, SO Wide Bargate, Bost 
Lines Applications must be submitted to th 
under-mentioned arrive not later than nor 
April 17, 1961 

G. I PHILLIPPO, 
Clerk of the Board 
SO Wide Bargak 
Boston, Lincs 
INSTITUTE OF 
OPHTHALMOLOGY 
UNIVERSITY OF LONDON) 

JUDD STREET, 

\ vacancy exists for a Senior Technictan ! 
work with Electron M ™ Experience 
normal histological techniques essential Salary 

Further particulars trom and applications 
writing, with names of tw referees, to Secretary 
ut above address 
SENIOR TECHNICIAN, GRADE | 

Applications are invited from Fellows or Ass 
ates of M.L.T. qualificd in histology tor 
vacancy occurring shortly in the Department 
Morbid Anatomy The post could be filled or 

more jumor basis a rding t qualification 
ind experience of applicants The work will b« 
oncerned partly with experimental Pathology 
Salary based on Whitley Council scale 

Applications to Dr. Martin Bodian, Depart 
ment of Morbid Anatomy The Hospital for 
Sick Children. Great Ormond Street, W¢ 

TECHNICIAN FOR BIOCHEMICAL RE 
search required by University Medical Schoo! 
1M.L.T. (Technician Grade) or equivalent quali 
fications or previous work in chemistry or physics 
required Scope for some administrative work 
and work with an ultracentrifuge Salary im ac 
ordance with Whiticy Council scales Applica 
tion forms, to be returned within seven days 
from the Secretary, Institute of Psychiatry, the 
Maudsley Hospital. Denmark Hill, S_E.5S (Ref 
USAF / Bio) 


7 
— 
The appointment is offered for a p d of three years sim 
SALARY: D ficat th A 1 jal 
CH E | : 
rae 


April 1, 1961 
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UNIVERSITY OF 
CHAIR OF 

Applications are invited 

tenabie the irham 


FRUIT AND VEGETABLI 
CANNING AND QUICK 
FREEZING RESEARCH 

ASSOCIATION 


4 incy 


DURHAM 
ZOOLOGY 
the Chair of Zoo- | 


OF MANCHESTER 
nvited for the post of Lect 
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| UNIVERSITY 
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Applications are rer 
for Cyt y rt 
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D> 
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accordance | 
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to take 
later date 


equired 
such 
y be tained fre 
applicauons (12 
ter than April 
British Isles 


REGISTRAR 


GLASSBLOWER 


MANSFIELD 


HOSPITAL 


CHEMISTRY 
UNIVERSITY, 


DEPARTMENT, QUEEN'S 


KINGSTON, 


ONTARIO 


CANADA 
is required 
Salary accord 


MANAGEMENT COMMITTEE 
W hole-tume hemist (non-reside required 
ary is that of 
m of £1,035 


4 Glassblower 
yeparunent 
Piease 


for the Chemistry 
ng to qualifications 
two recommendat 


nt) 


Fema 4 write 


MICROBIOLOGISI 


being 


depen 


UNIVERSITY 


OF MANCHESTER 


Applications 


ant Lecturer in 


are inv 
Inorgan 


ted for 


Chemistry 


the post of 


Assist 
Salary on a 


£500 to 


| scale £950 per 


amd ch 


ann with membersh:r 
the FSS I alkowance scheme 
Applications should be sent not later than Apr 
5S, 1961, to the Registrar, the University, Man 
13, from whom further particulars and 
application may be obtained 


INFIRMA 


2m, 


HILL FARMING RESEARCH + 


forms 


RY 


h- 


LEICESTER ROYAI 


p 
As 


Personnel Manager, 
Beecham Research Laboratories Ltd., 
Great West Road, Brentford, Middx. 
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ADDIS ABABA 
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IENCI 
OCTORAT 
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COLLEGE 
AND TECHNOLOGY 


FELLOWSHIP FLAME 
TRé 
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apes en 
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s Ababa. Ethioy 
ONTARIO VETERINARY 
COLLEGE 


GUELPH, ONTARI 
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UNIVERSITY COLLEGE Ol 
NORTH STAFFORDSHIRI 


CANADA RESEARCH 
| Stoke Mand 


sear 
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ville Hospita 

h 1 an 
Rheumato 
rk 


the 


WANTED 


with 
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taking 
annum a 
Applicat 
Mes 


Mandeville 


ns. giving 
two ref cs 


Hospital 


‘ to 


Aylesbury 
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IST 


REESE ARCH ASS ANT CIAN 


STATISTI 
UNIVERSITY Rescar 


DEPARTMENT 
TEACHING 


REQUIRED FOR AGRICUL 
Unit of Statistics (Univer 
i have a good 


OF ALBERTA 
OP CHEMISTRY 
ASSISTANTSHIPS 


eight 


yun 


theoretica 


Head 
Alberta 


Gunning 
liversity of 


PHARMACOI 


| k in I f 
nvited for a R arch F frer y reated R 


IST 


» for 


OG 
nd the first 
and 
h 


OR PHYSICAL 
s) is required for work 
the fractionatix 


GRADUATI CHEMIST 


23 to W ye 


NIVEI R mist (age 
sear r 
the Chemistrs 


1d Cx 


quali- 

[ separating proteins 

Stating age, qualifications and 

Ter and with two referees, to 

ecretary, Lister Institute of Preventive Medicine, 
stree, Herts 


tor 


fan 


Biorex Li 
Applicat vuuth Market names of 
Chemistry 


) 
- 
| 
| 
| University Candidates 
ia! a wide interest 1 the subject as 
Ther Assistant | » be able to lecture t tudents of both depart 
ite Research Chemist to continue an investigation int nily allowance and nen Dut ¢ ‘Tae ihe. 
al constitution of fruits Ext Membership of S.U and Children’s Allow e 
t ph would sage | UP Guiy on August | 
hae pny t a advantage. | Scher Salary na sca £900 to £1.650 per bee 
Merest and xper tal ability are preferred to Further particulars the qualifications 
1a sults of the | Dies Am be sent not later thar 
work will be freely available for 1 must be kxiged not la not later than April 
tions. stating as qualifications, exper udidates outside the | cheer. $3. from ty. Man 
Station, Chipping Campden, G | niversity (fice, 
Station, Chipping Campden, Glos, 46, North Bailey, Durham 
| 
% 
per annum con Ge hy th a degree in Microbiology or 
dent upon qual fications and experienc: | ral Science in allied su 
Applications Hospital Secretary, Kine’ | 
ing’s Mil he f 
Hospital, Sutton-in-Ashficld, Notts The succe ipplicant will be engaged | 
i in particular: Microbiological assay of 
61, for a vacancy as Head of the Scientific | — 
ind cont WS portant sect } | 
ee ssakiod ‘ Ca s should hav The fut holds security and early oppor \ 7 
Office Experimer or ad radioactiy tom ind training will 
an fil this position — ‘specialized techniques involved 
being as f Assista Exnerime 2 2 r and per i and st j ive 
£64 to £08 tails to date, t hed the Ad Level n phvsics 
of £1.08 £1,336 per annum juivaient qual 
Further par ars and | Salary £570 with annual increments 
n at 48 Palmers Place. Edinbure 12 | Stating age, qualifications, pre- 
( sing date for apt ts xperience ct the Secretary = 
ASSISTANT 
Dost at St 
als and Wild 
Lect sin A English Language and | tis rmally under 
I erat Ge uphy Pharmacy R hemistrv |: D 1OAT Oo pre- 
Physics Sr 7 parative | Flame Spectroscopy or | § t Alt t GCct r iva t) with 
Ex f rary work and 
a ‘ 2 
Ar D A. G. Gaydon, F.R.S k wied f Ger { Starting 
109 ) per a 1 with f y and | £450 (at 18) to £776 (at 26 or over), rising t 
ie Further part rs from Dr. A. G. Gaydor Str North 
Associate Prof elp with current re- 
a PhD. a teach- | strator in Chemistry project connected 
I { ture t n September 1 ¢ person appointed 
iat nd poster t students nig nnum Pathologist under- 
gy and be expected to Jertake re- | A tion slary £750 to £1,000 per 
idressed to it G. | should rs and applicat of experience and the 
r Professor and | t t tt Ap Pathologist, Stok 
$2200 w $ | gical subject The holder of the post and 
pen i be rible to re knowledge of statistical techniques 32 
qualified students proceeding to advanced degrees | gible to ree ster as nal Ph D cal chniques as applied to 
Nin rs per week of laboratory instruction | y th inge > £675. | news Scienufi 
ta) ir ritin om th » £1 r n 
requir Acuve research programmes in analyt \pply wr Officer, Lon- | 342 to ch. r Scientific Officer 
hemistry Travel a wance Keppel Street t t nder F.S.S.1 Appli 
with names of three referc th 
| pril 2 961 
App! 
ship im ployed 
Wey tw years ) man plasma This work ides 
work mpounds of potential use in | cellent salary: scope for promotion res r use 
the paint industry Salary £750 to £RSO ner Write. esivine full det t I ies 
| 
wes, 


NATIONAL INSTITUTE OF 
AGRICULTURAL BOTANY 
ASSISTANT DIRECTOR 
ations are invited for the post of Assist- 
tor of the Institute Salary scale £1,540, 
ncrements to maximum 


btained from F. R 
tor, N.LAB 


NATURE 


EXAMINERS 
MINISTRY OF EDUCATION 
NORTHERN IRELAND 
GRAMMAR SCHOOL JUNIOR AND SENIOR 
CERTIFICATE EXAMINATIONS 
Applications are invited from ns with ap 
i IpPpoint 


FOR 


metry 


ROYAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
GLASGOW 
DEPARTMENT OF MATHEMATICS 
Ant t ted for a Research 


Opportunity at Battelle 


for 


Fundamental 
Research in 


METALLURGY 


yramme of fundamental research 


ntinuing to expand 
re man to 


bonding, 


BATTELLE 
MEMORIAL ENSTITUTE 
King Avenue 


Columbus 1, Ohio, U.S.A. 


April 1. 1961 


MEDICAL RESEARCH COUNCIL 


OF IRELAND 

Applications are invited from B.Sc graduates or 
Associates of | Medical Laboratory 
Techn a metabolic 
unit (St ul Hospita Applicants 
hould prefer but o nc arily, have pre 
exper this typ k. and some 
knowledge oO Salary 
and cxperence 
ind names 
retary, Medical 
Merrion Square 

or before April 1961 


nstitut 
position in a clinical 
Dublin 


Research ¢ 
Dublin 2. of 


UNIVERSITY OF GLASGOW 
UNIVERSITY STUDENTSHIPS AND 
FELLOWSHIPS 
Applic nvited for versity St 
ships a 
retical 


fent 


scale 
according to « 


years 


Y AND COUNTY OF BRISTOL 
EDUCATION COMMITTEE 


BRISTO! TECHNICAL COLLEGE 
DEPARTMENT OF SCIENCE 
Govern 


ANCT 


RESEARCH 
Technician required in 


FOR WORK 


EXPERIMENTAL 
mical p ted with the 


OFFICER 


ral Research 


near Newbury 


MINERALOGIST 
Ph.D. d ulary a 


PREFER 
t 


ABLY 
sd app 


WITH 
ta ng 


RESEARCH ASSISTANT (SENIOR TECHNI 
wanted © interesting research ir 
mn health and d 
1 chemistry or b 
ssary 
£8°O per ann 
heing revised) 
Department of the 


Radcliffe Infirmary, Oxford 


QUEEN’S UNIVERSITY 
KINGSTON, ONTARIO. CANADA 
LECTURER IN CHEMISTRY 


h 


K. N. Jones 


WEST LABORATORIES OF 
graduat for work on very 

ca Some physical 
e exper helpful bur not 


! to qu tions 


leanings 
1 essen 
Write or 


1088 


UNIVERSITY 
CAVEN 
ASSISTANT 

Fl 


OF CAMBRIDGI 
ARORATORY 

DIREC F RESEARCH IN 
TRON M ROSCO 


LOR 


APPLICATIONS ARE INVITED FROM 
Juates and prospective Juates in science t 
ttake phys 
ies 


ent of C 


iid be sent to Dr 
i Science, Free 


ATIONS INVITEI 
hn an (mate) 
ston Sct 


FOR POST O! 
n the Biology Depart 


PHYSIOLOGIST 
ment of Physiology 
ws should have an 

ry up to $6,000 

plan, hospital 
nquiries should be 
Beznak at 


LECTURER DEPART- 
niversity of Ottawa, Ottawa 
M.D. or a 
depending on 

insurance - 
forwarded to 
the above address 


cations and 


fessor M 


MARIE CURIF MEMORIAI 


FOUNDATION 


Ann! 
1961 
t Le 


rmati 


a 
| 
am 
by a 
in addit y allow f £275 per 
annum w be paid Superannuation under the re ay 
P.SS.U_ Scheme Applicants must hold a recog- 
n id r equivalent qualification and have | 
a wid xpericn at hural botany r in 
crop |} Iry Experience f administration | 
and p th production f technical | 
reports is highly d Applications should 
be r ved by May 1, 1961 
Hor CBI M.A D 
Huntingdon Road, Cambridge 
heo- 
lary 
annum 
| wships, £700 to £1,000 per annum 
n metallurey is ¢ according to 
appointment, with p bi for turther 
| Now we need a very | period f tw Th wships be 
th 
conduct studies on: electronic uperannuated under the 
sul | App ta 2 ae n 
Geography Alecbra, Arithmetic, Geom | defect structures, mechanisms of deforma ltions. research experience and nes t two a 
trv. D st Science, Experimen | referees should b emt t tt Professor of 
tal B gy (Senior), Modern History on an acture Natural Philosophy, University of Glasgow, betore 
(Ser » History Uu > and English Litera- | will also hav ample time and support for | Mav 13. 19 © 
tur Senior) 
Apt tion forms and further information may research in areas of his choosing | CII ‘ gta 
tained from t Ministry at Netherleigh 
ia Massey Av Belfast. 4. Persons who have | : se 
already apr { need not re-apply unless circum. | Required is a Ph.D. in Metallurgy with on 
stances ed ip to ten years’ research experience at a 
| iniversity or in a fundamental research Lecturer ber 1 prog 
| sboratory fler world-renowned Applicants should 
| lq Acation ' y Zoo 
facilities and wica aid, competitive gy to Ord Nat ( tif ind 
> ne f ramme to High N > Sut 
hip 0 by | | fica Burnt Tect y. £1.5°0 
» £950 and t il sa w jepend | oie 
qualificat All appointments carry with | Write: Mr. L. G. i | qualif 
y y allow ind nbership of Det ble as 
Sst | as n R trar, Bristol Tech 
Apr tions sh with th Secre- | | nical ¢ Ashiev Down. Brist Please ‘ 
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ELECTRONIC 
THERMOMETER 


e Rapid, Accurate, Direct 


Reading 

e Low Cost, Portable, 
Thermistor Type 

e Many Ranges from —35 
to 100° C 

e interchangeable & Spe- 
cial Probes 

e Controllers & Recorders 
Available 


COMPACT MAGNETIC 

STIRRER 

e Stir at Any Angle 

ein Open or Closed Ves- 
sels 

e Under Vacuum or Pres- 
sure 

e With or 
plate 


without Hot- 


TEFLON TISSUE 

HOMOGENIZERS 

e Interchangeable Teflon 
Pesties 

e Precision Bore Pyrex 
Glass Tubes 

eNotched for Quick 
Change Chuck 

eComplete Apparatus 


Available 


AUTOMATIC 
EGG-PUNCH 


eFor Opening 
nated Eggs 


Embryo- 


e Open 60 Eggs Per Min- 
ute 

e Clean | 
ture 


e One Hand Efficient Op- 
peration 


Circular Frac- 


Write for individual bulletins 
or complete catalog to Dept. N.// 


SIREICA 


Exporters of Electronic and Mechanical Instruments for Scientific Research 


144-13 JAMAICA AVENUE, JAMAICA 35, N.Y., U.S.A. 
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CITY OF LIVERPOOI UNIVERSITY OF CAMBRIDGE IMPERIAL COLLEGE OF SCIENCE 


COMN HUNTING GROUP SCHOLARSHIP IN THE 
EDUCATION IMITTEL UNTING GROUP SCHOLARSHIP IN Tit AND TECHNOLOGY 
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The Flostat MINOR 


Self-acting controller for small 
flows of liquids or gases 


Available cither Factory Cali- 
brated with a fixed orifice to 
deliver a specific flow rate of a 
particular fluid, or with a Setting 
Adjuster (best used in series with 
a Gapmeter) 


} in. B.S.P. female connections 


Flow Range: 
0.1—-50 c.f.h. Air 
1—-20 g.p.h. Water. 


Price Range: £8—£15 


For use for sampling (for 
analysis), purging, cooling, or 
wherever a steady flow is re- 
quired ; ¢.g., with Trace Addi- 
tives, Make-up Concentrates, 
Feeds to Filters, Sprays and 


Burners, also the aeration and 
agitation of liquids and powders 


Made in materials for all indus- 
trial fluids. 


G. A. PLATON LTD. 


281 DAVIDSON ROAD, CROYDON, SURREY 
Telephone : ADDiscombe 1168 
Telegrams : GAPMETER, Croydon 


4 circulation) 


or Without force 


INCUBATORS 
UNIVERSAL BATHS 
SOXHLET HEATERS 

THERMOSTATIC BATHS 
OYEPOT BATHS 
BREWERS MASH BATHS 


“PATR 
HUMIDITY CABINET 


Send for illustrated catalogue to:— 


LABORATORY 
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The HR-g2 is a null-seeking 
servo-type plotter designed to 
draw curves in Cartesian co- 
ordinates on regular 84 x II 
graph paper. It employs con- 
ventional chopper amplifiers, 2- 


phase motors and a potentiometer Quick delivery 


rebalance. Reference voltages are 


furnished by mercury cells. Price £395 
Control panel has zero set and Unconditionally 


continuously-variable attenuator 
for each axis. Separate standby 


guaranteed 


and power switches are provided. for one year. 


The two axes are electrically and 
mechanically independent. A 
high impedance input is available 
and point plotting can be pro- 
vided if required. Limit of error 
better than 0.5°;. 


+ 
+4 4-4 
+ 


+44 


THERMAL EQUIPMENT LTD 


GREENFIELD, Nr. OLDHAM, ENGLAND 


SCIENTIFIC FURNISHINGS LTD. 


POYNTON, CHESHIRE TELEPHONE: POYNTON 


2815/2776 


®3830 
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VERNIER MEASURING MICROSCOPE 


An illustrated brochure will be sent post free on request 


JAMES SWIFT & SON LTD 
CAMBERWELL ROAD, LONDON, S.E.5 RODney 544! 


Regd. Trademark 
4 


The most useful device known for the control of AC Voltage 


The range includes 
portable. metalclad and 
oil-ummersed models, 
dual-output types, high- 
frequency types and 
many ‘specials’. 

Write for « ump te 


information 


vamiac is the original continuously-ad- 
justable auto-transformer, providing a 
smoothly variable output from zero to 
line voltage and above 

VARIACS are available in a very wide range 
of models from small units for laboratory 
and instrument use to large ganged as- 
semblies for three-phase powe 

VARIACS are available open or covered, as 
single units or ganged assemblies, for 
manual operation or motor-driven. 


? Duratrak! Duratrak (Regd. Trademark) 

—a patented® feature exclusive to Variae — is 

a special plated contact surface giving longer 

life, increased overload and surge capacity and This small Variac, 

Maximum economy in maintenance. Duratrak Type V-SHMTTF. provides 

is now standard on all models except Series $0 an output of 0-270 V, 2 A, 
from 240 V SO c's mains 


ONLY VARIAG HAS DURATRAK U.K. Pat. No. 693406 4 still smaller model. 


Type b-3H isratedatl A, 
This 3-gane a mbly, Type = 
will control 22° A, 4-phase or | [ 
Claude Lyons Mt 
> 


Larger assemblies can be made 
VALLEY WORKS + HODDESDON + HERTS + TELEPHONE: HODDESDON 4541 (6 LINES) 
and 76 Old Hall Street Liverpool 3 Tel: CENtral 4641-2 
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The B.T.L. Zone Melting Apparatus, Semi- 
Micro Model— is developed from the original 
N.C.L. model and handles quantities from 0.15. 
up to about rog. It can be used for refining organic 
compounds to a very high degree of accuracy, or 
for concentrating impurities in samples for analysis. 
Three interchangeable metal guide sleeves with 
heating elements are provided, to accommodate 
glass tubes of 12mm, 8mm and §mm diameter, 


giving maximum temperatures of 210 C, 250°C 
and 310 C respectively. The apparatus 1s compact 
and easily transportable; overall size 9” x 9” x 15° 
high. 


Cat. No. C14/510, price £52.0.0 
A Macro Model handling quantities of the order 
of 1 kg. is also available. 

Cat. No. C14/500, price £235.0.0 
Please send for full details of each model. 


We are exhibiting at “ACHEMA” service 


BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Branches in London, Manchester & Glasgow Agents throughout U.K. and all over the world. 
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BAKER 


The Biolux Binocular 
Attachment 


A sturdy, 


inexpensive 


microscope 
Any microscope be- 


for 
comes a_ binocular 
school 
microscope with 
biology, P 
the Inc. Bitree 
with 


attachment. 


built-in 


lighting. 


The 
Projectolux 


=) 
=} 
=: 


Gives accurate built-in 


lighting to your micro- 


Newly 


scope. Microprojection 


with your microscope. 


designed : 


now 


has 


light- 


~ 


dimming 


; 


et rheostat. 


_©.BAKER INSTRUMENTS LTD. METRON WORKS - PURLEY WAY 
CROYDON SURREY CROYDON 3845-8 


Printed in Great Britain by PisHer, Kniont & Co., Lrp., The Gainsborough Press, St. Albans, and published by Macmittan & Co., Limiten, 
at St. Martin's Street, London, W.C.2, and St. Martin's Press, Inc. 175 Fifth Avenue, New York 10, N.Y., U.S.A.—Saturday, April 1, 1961. ; 
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